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Thrips obscuratus in New Zealand vineyards: its biology and effects on 
Botrytis cinerea infection. 
By Katrin Schmidt 
This research project investigated aspects of Thrips obscuratus biology and its 
interaction with grapevines and botrytis bunch rot in two New Zealand vineyards. 
Flight activity, phenology and short-distance movement of T. obscuratus were 
assessed in the field and the influences of the fungus and the insect on B. cinerea 
incidence and severity, skin scarring and phenolics and grape yield were investigated 
in greenhouse and field experiments. 
The numbers of airborne adult thrips were monitored at Canterbury House Vineyard 
(now Waipara Hills Vineyard), Waipara, and at Neudorf Vineyard, Nelson, from spring 
to autumn in the 2003/04 and 2004/05 season. Thrips numbers were highest during 
the grapevine flowering period, being mostly T. obscuratus (90%), and higher at 
Neudorf Vineyard than at Canterbury House Vineyard. In the latter vineyard, thrips 
numbers per inflorescence at full bloom were higher in the later flowering Sauvignon 
Blanc than in Riesling. 
T. obscuratus numbers at different life-cycle stages were also monitored in the two 
vineyards, from two weeks before full bloom amongst Sauvignon Blanc and Riesling 
varieties. Flowers from grapevines in both regions were stained to show thrips eggs, which 
were commonly observed in the pedicels of flowers. Only small numbers of larvae were 
found in the traps underneath the vine canopy and no emerging adults were caught in the 
emergence traps placed on the ground, indicating that little reproduction had occurred in 
the vineyards. 
At Canterbury House Vineyard in spring 2005, T. obscuratus movement from three 
flowering inter-row plant species, buckwheat (Fagopyrum escu[entum), phacelia 
(PhaceUa tanacetifoUa) and alyssum (Lobu[aria maritima), to grape flowers was 
investigated to determine whether such floral resources could be alternative hosts of 
T. obscuratus, or act as trap plants. Thrips on these plants were marked with a foliar 
spray of 2000 ppm rubidium chloride once during full bloom of the grapevines. 
Numbers of marked T. obscuratus adults collected from grape flowers on adjacent 
vines were very low for all inter-row species, indicating little movement between 
them. 
An investigation into the potential role of T. obscuratus in vectoring B. cinerea conidia 
to grapevine flowers showed that 20 thrips exposed to sporulating B. cinerea 
deposited 800 viable conidia per inflorescence and caused 88% flower rot. Scanning 
electron microscopy of T. obscuratus revealed that many conidia were distributed 
over the cuticle of the insect, most being trapped between the cilia on the wings or 
attached to the numerous setae of the body. 
The behaviour of T. obscuratus on grape flowers, observed in the laboratory by 
continuous video recording over 10 minute periods, showed that T. obscuratus spent 
most time walking and feeding on nectar, pollen and stigma tissues. The grooming 
behaviour between feeding and walking events and the feeding positions were 
considered sufficient for it to deposit B. cinerea conidia on the naturally susceptible 
and wounded areas of the flowers. 
Greenhouse experiments conducted in 2004/05 and 2005/06 used Mullins' plants of 
the white varieties Riesling and Sauvignon Blanc in both seasons and Pinot Noir in the 
first season only. Silk bags enclosed 10 T. obscuratus collected from the field and 
conidia of the pathogenic B. cinerea marker strain 879-1 nit1 around each 
inflorescence for 7 days. In 2004/05, Pinot Noir berries had much lower incidence of 
B. cinerea infection than did the white varieties, whose overall incidence increased 
from fruit set to harvest in both seasons. Presence of T. obscuratus increased 
infection of grape inflorescences of both white varieties in both seasons but not of 
Pinot Noir. The presence of T. obscuratus and B. cinerea at flowering also caused 
significantly lower bunch weights in some treatments, lower numbers of berries per 
bunch and higher incidences and severity of B. cinerea, with Riesling being most 
susceptible. 
ii 
Field experiments conducted at Canterbury House Vineyard and Neudorf Vineyard in 
2004/05 and 2005/06 with the same treatments demonstrated similar effects on 
infection incidence, severity and bunch sizes. 
In 2005/06, assessment of grape bunch scarring by T. obscuratus and B. cinerea in 
greenhouse and field experiments showed increased scarring for some B. cinerea 
treatments and more consistent increases with T. obscuratus treatments in both 
varieties. Analysis of total phenolics in berry skins of Riesling reflected the trends in 
scarring, being higher in the B. cinerea and T. obscuratus treatments than in the 
control. When one application of the insecticide pyrethrum was made in the field at 
full bloom, there were fewer B. cinerea infections higher yields and lower percentages 
of scars than when flowers were untreated. 
An identification method was developed for T. obscuratus by DNA sequencing of the 
'Folmer' fragment of the mitochondrial gene COL DNA sequences of larvae and adults 
were established that could allow them to be distinguished from other thrips, which 
could formerly be done only for the adults using traditional morphological 
identification methods. 
This study has provided information about the interaction between T. obscuratus and 
B. cinerea infection pathways in grapevines under laboratory, greenhouse and field 
conditions, which may improve the developments of control strategies in the future. 
Keywords: Botrytis cinerea, Thrips obscuratus, grapevine, phenology, population 
dynamics, rubidium chloride, small-scale video analysis, scarring, total phenolics, DNA 
barcoding 
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CHAPTER 1 
General I ntrod uction 
Many factors influence the production of quality wine including climate, the presence 
of pests and diseases and management practices in the vineyard. In New Zealand, a 
unique situation has occurred, in which an endemic insect, Thrips obscuratus, has 
become a pest on introduced crops such as nectarine and peaches and over the years, 
more and more damage in other fruit crops has been associated with this minute 
insect. Unlike other continental regions, New Zealand has few endemic or native 
pests, with some exceptions including the grass grub beetle (Costelytra zealandica 
White; Coleoptera: Scarabaeidae), the porina moth (Wiseana cervinata Walker; 
Lepidoptera: Hepialidae) and the wheat bug (Nysius huttoni White; Heteroptera: 
Lygaeidae) . 
Insects can act as fungal vectors and T. obscuratus has been associated with the 
spread of the brown rot fungus Monilinia fructicola in nectarine and peach orchards 
(Ellis et al., 1988). However, as well as B. cinerea in kiwifruit orchards (Fermaud & 
Gaunt, 1995), T. obscuratus could also spread B. cinerea in vineyards, where it is 
generally considered to be the most serious disease in cool climates. In recent years, 
New Zealand grape growers have reported abundant infestation of grape flowers by 
this thrips species but so far, it has not been considered to be a pest. This research 
was conducted to investigate the biology and dynamics of T. obscuratus populations 
on grapevines, and its possible interactions with B. cinerea. 
1.1. The grapevine 
1.1 .1. History and taxa 
Viticulture is believed to be one of the oldest agricultural practices. The origin of the 
grapevine Vitis vinifera Linneaus and its cultivation is believed to be Asia, in the 
temperate regions of the Caucasus. From there it spread all over Europe, following the 
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path of the extension of the Roman Empire, and was later carried by the first settlers 
to America and other European colonies. Grapevines were brought to Australia and 
New Zealand at the beginning of the nineteenth century (Jackson ft Schuster, 1994). 
Both wild and cultivated grapevines belong to the order Rhamnales, which comprises 
three families: Rhamnaceae, Leeaceae and Vitaceae, which were previously 
considered to be in the Ampelidaceae family. At"present, 19 genera of Vitaceae have 
been identified, in which the genus Vitis is the most agriculturally important, and is 
divided into two sections, Vitis (formerly called Euvitis) and Muscadinia. The section 
Muscadinia includes just three species, whereas Vitis contains about 60 species, 
including most of the cultivated grapevines species (Mullins et al., 1992; Galet, 2000). 
The genus Vitis is also described as having 'ecospecies' that represent adaptations to 
particular environments (Mullins et al., 1992). 
V. vinifera is a temperate-climate species, which cannot survive very cold winters and 
which requires warm to hot summers for the development of its fruit. In temperate 
climates the grapevine undergoes winter dormancy, whereas in tropical climates it 
behaves as an evergreen. The climate influences the choice of grape cultivars grown 
and the resulting products. Dried fruit and relatively low quality wine can be produced 
in warm, dry climates. The cooler the mean temperature in the growing area, the less 
feasible is dried fruit production and the production shifts from low-quality table 
wines to high-quality red and then white wine varieties in the cooler climates. Cool-
climate viticulture can be economically successful due to the quality of the wines 
produced, even with its risks of frost damage and disease. Most cool-climate wine is 
produced in areas where the mean annual temperature lies between 10 and 20°C 
(Jackson ft Schuster, 1994). 
The grapevine is the world's most widely grown fruiting crop, being cultivated on all 
continents except Antarctica (Galet, 2000). In 1999, the total grape-growing area 
(including wine, table and raisin varieties) was 7.8 million ha world wide, with a 
production of 2.8 x 1011 litres of wine (O.I.V.: Office International de la Vigne et du 
Yin; www.oiv.int). In New Zealand, wine exports had reached 58 million litres by 
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2006, an increase of 15% from the previous year. The value of wine exports reached 
512 million NZ dollars by 2006 in an increasing trend (www.nzwine.com. 2006). After 
kiwifruit, wine products were the second most important export goods in the 
horticulture industry in 2005 (www.hortresearch.co.nz. 2005). The New Zealand 
grape-growing area, which has increased from 6110 in 1995 to 22 616 ha in 2006 
(www.nzwine.com. 2006), currently accounts for less than 1% of the world's 
viticulture area. The wine-producing areas in New Zealand are spread throughout the 
country, with the most common grapevine varieties grown in 2006 being Sauvignon 
Blanc (8860 ha), Chardonnay (3779 ha) and Pinot Noir (4063 ha) (www.nzwine.com. 
2006). 
1.1.2. Grapevine growth stages 
In the cool climates of the Southern Hemisphere, the vegetative cycle of the 
grapevine starts in August to September when buds swell and shoots emerge (Jackson 
ft Schuster, 1994). At approximately three weeks after bud burst, the inflorescences 
appear as small cones, which are generally of a light green to yellow colour, 
depending on the variety. The inflorescences may have two arms, of which the upper 
one is smaller and may bear flowers or be transformed into a tendril. The 
inflorescences are composite clusters of flowers, having a varying number of short 
branches, arranged in a spiral around the main axis. In many of the cultivated 
varieties, the secondary axes are quite highly developed, giving the cluster an 'oar-
like' shape (Galet, 2000). Among the varieties, there are many cluster types, and 
within a variety the cluster shape can also vary greatly, depending on the plant 
vigour, pruning system and general management of the vineyard. The flower itself is 
rather inconspicuous and is initially protected by a cap, or calyptra. At anthesis, the 
cap is shed and the stamens are spread out. The pollen sheds and falls onto adjacent 
stigmata, of the same or adjacent flowers within the inflorescence, or flowers in 
inflorescences of other nearby vines (Pratt, 1988). Pollination is generally not 
dependent on insects but those that visit the flowers can become covered in pollen 
and might transfer it between flowers. 
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Immediately after fertilization, fruit set occurs. The developing berries undergo the 
ripening process in three stages (Figure 1.1.). In Stage I, berry growth is rapid due to 
the increasing mass of the seed and berry tissue through cell division. This stage 
begins after flowering and includes the fast exponential growth of the berries to a size 
where they touch each other. The growth slows down in Stage II, during which seeds 
rapidly mature, but overall berry size increases only slowly. At the end of Stage II, a 
rapid change in the developmental process occurs, called 'veraison', which is the 
beginning of Stage III. At this point, growth accelerates again due to an increase in 
cell volume, and the berry begins to soften, while the sugar content (especially 
glucose and fructose) increases steadily. At the same time, the berry loses its 
chlorophyll and develops red or yellow colours, depending on the variety. When the 
sugar content reaches approximately 20% (20' Brix) (Jackson and Schuster, 1994) the 
berries are considered mature enough for wine making. The duration of berry 
development from bloom to maturity depends mainly on genetic and environmental 
factors, but is typically from 120 to 150 days (Coombe, 1988; Mullins et al., 1992; 
Jackson & Schuster, 1994). 
Size of berry 
Blossom Veraison Maturity 
Time ~ 
Figure 1.1.: Growth stages of a grape berry (Jackson & Schuster, 1994). 
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1.2. Grapevine pests 
1.2.1. Mites 
The three mite species detected in vineyards in New Zealand, include the grape leaf 
blister mite, bud mite (different strains of the same mite CoLomerus vitis 
Pagenstecher), rust mite (CaLepitrimerus vitis Nalepa) and two-spotted spider mite 
(Tetranychus urticae Koch). Under favourable conditions, they occasionally become a 
problem (James & Charles, 2003). The bud or blister mites are only 0.2 mm long. 
Feeding by the blister mite strain causes leaf tissue to expand, producing blister-like 
galls, which bulge from the upper surface of the leaf. The damage from the blisters 
can have a severe effect on the growth of young vines but is usually a minor problem 
on mature vines. The feeding activity of the bud mite can kill the basal buds on new 
shoots in spring, resulting in fewer bunches (James & Charles, 2003). The rust mite is 
more commonly found on the upper side of leaves and its feeding damage causes a 
browning of the leaves, particular along the main veins and midrib. In bad infestations 
the leaves blacken and drop. The last of the three mites, the two-spotted spider mite 
is ca 0.5 mm long and normally lives on the underside of the leaf. The mites spin fine 
webbing over the surface on which they feed by withdrawing the sap of leaves causing 
them to dry out and fall, in severe cases causing defoliation of the whole grapevine 
(James & Charles, 2003). 
1.2.2. Mealybug 
Mealybugs are soft-bodied, slow-moving insects covered with a white powdery wax. 
They can become a problem in the warmer and more humid wine-growing areas in the 
North Island of New Zealand and the main species found on grapevines is Pseudococcus 
affinis Maskell. They are sap-sucking insects and their main economic damage is 
caused by the excretion of honeydew and subsequent secondary infection of grape 
tissues by fungi, or by transmitting the leafroll virus (Furness & Charles, 2003). 
1.2.3. Phyloxera 
The grape phylloxera aphid, DaktuLosphaira vitifoLia Fitch., was first discovered in the 
Auckland area around 1885 but it did not spread further until 1964, becoming a serious 
problem in New Zealand in the late 1980's. This pear- or oval-shaped, yellowish root 
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aphid feeds on grape roots causing yellow bulbous root galls on older roots (Jackson & 
Schuster, 1994). It significantly reduces the vigour of the infected plant and above 
ground symptoms include weak shoot growth, reduced cropping, premature yellowing 
of foliage in autumn and general decline (Buchanan et al., 2003). On V. vinifera the 
aphid overwinters as mature nymphs in cracks and crevices in bark of older roots. It 
star'ts feeding on roots in spring, developing into wingless females, which can produce 
up to 200 eggs parthenogenetically. Nymphs hatched from these eggs are able to move 
through cracks in the soil to other roots and several generations may occur in one 
season (Buchanan et al., 2003). The insect spends most of its life below the ground 
but sometimes a 'crawler' form can move to the leaves and, only in American Vitis 
species, a winged form has been observed. Dispersal of grape phylloxera mainly occurs 
through transport of infested young rooted grapevines or soil on machinery moving 
between vineyards. V. vinifera varieties are highly susceptible and the use of 
resistant rootstock in the affected areas is still the main control measure (Granett et 
al., 2001). 
1.2.4. Leafrollers 
In the grapevine industry in New Zealand, the most economically important species of 
the tortricid leafrollers is the light brown apple moth, Epiphyas postvittana Walker. 
After mating, the female lays egg masses on the upper surface of the vine leaves. 
Larvae emerged from the eggs move to suitable feeding sites, usually to the top of the 
shoot. As they develop into later stages, they move down the shoot, rolling and 
webbing leaves together or forming nests within the fruit bunches. Direct damage is 
caused by the larvae feeding on inflorescences, berries and stalks, whereas indirect 
damage of bunches is caused by subsequent infection of the wounds by pathogens such 
as Botrytis cinerea Persoon that cause bunch rot (Lo & Murrell, 2000; Scarratt, 2005). 
For leafroller, control practices range from insecticide sprays (Baker et al., 2003) to 
enhancing activities of biological control agents by using floral resource subsidies to 
provide extra food and habitat resources (Irvin et al., 2006). 
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1.3. Thrips 
Thrips (Thysanoptera) are very small insects, only a few millimeters long, and most 
species have fringed wings with long cilia. They are widespread throughout the world, 
with a preponderance of tropical species, but many also occur in the temperate zones, 
with a few inhabitating cool and even arctic regions. Most thrips feed on flowers and 
leaves of green plants, and some feed on fungi. They have characteristic asymmetric 
mouthparts (Lewis, 1997) in which only the left mandible is developed. The feeding of 
thrips has been described as 'piercing and sucking' where the mandible makes a hole 
in the tissue and then the maxillary stylets are inserted to form a channel through 
which cell contents are withdrawn (Lewis, 1997). Of the approximately 5000 species 
identified, a few hundred are considered to be crop pests, mainly in the family 
Thripidae, of which some can cause devastating yield losses (e.g. Thrips tabaci 
Lindeman, Thrips palmi Karny, Frankliniella occidentalis Pergande and Haplothrips 
spp.). Even though they are considered to be weak fliers, the fringed wings enable 
them to fly and stay airborne long enough to travel to the next plant or field. With the 
help of air currents, they can travel very long distances. They usually take off into the 
wind and then can be distributed throughout the country with the prevailing wind 
direction. 
1.3.1. Thrips obscuratus taxonomy 
Order: Thysanoptera 
Sub-Order: Terebrantia 
Family: Thripidae 
Sub-family: Thripinae 
Genus: Thrips Linnaeus 
Species: Thrips obscuratus 
The adult female is about 1 mm long, usually with a dark brown slender body and with 
a pale area at the base of the long, narrow wings. The male is slightly smaller, 
narrower, and paler (McLaren & Walker, 1998). 
7 
1.3.2. Distribution 
Thrips obscuratus Crawford, the New Zealand flower thrips, is endemic to New 
Zealand and is the most widespread of the New Zealand thrips (Walker, 1985). It was 
originally an inhabitant of the endemic white- and yellow-flowering plant species, but 
it successfully colonized many of the European plants introduced into New Zealand. In 
spring, adults may be present in very large numbers on flowers of kiwifruit, grapes and 
stonefruits throughout New Zealand. They have a great tendency to disperse on 
prevailing winds over large distances and high numbers can move into a field over a 
short time. One example is the build-up of these thrips populations in spring in the 
Central Otago region, to which they are believed to be transported from Canterbury 
by easterly to north-easterly winds, which is a distance of 350 to 400 km (McLaren, 
1995). Understanding the regional population dynamics of the thrips in the affected 
and surrounding crops is critical in the consideration of control practices (Lewis, 
1997). Because these thrips can utilize a broad range of different plant species, in the 
absence of their preferred host plant they can survive on weeds growing in and around 
fields. Thrips locate their hosts by using the colour, shape, size and volatiles 
associated with them (Teulon & Penman, 1992; Teulon et al., 1993; Lewis, 1997). 
Once a potential host is found, odour, tactile or gustatory cues may help the insect to 
establish if the host is acceptable for feeding and/or reproduction. 
1.3.3. Life cycle 
The life cycle of thrips in general is unique amongst insects, because they have two 
actively feeding larval stages, and usually have two pupal (resting) stages. T. 
obscuratus lays its eggs on some hosts, into flower tissues such as the ovary or calyx, 
or in nearby tissues such as the pedicle. Males are derived from unfertilized eggs and 
females from fertilized eggs. The larvae hatch and start feeding on pollen and nectar 
of the-flower or other available sources (young leaves, petals, pedicles, and calyces). 
The time from egg hatching till the end of the second instar of T. obscuratus can be 
up to 15 days (Teulon & Penman, 1991). The mature second instar larvae are believed 
to let themselves then drop to the ground to pupate. In other thrips species, the two 
pupal stages do not feed and have been found in the leaf-litter or the upper soil layers 
below their host plants (Teulon, 1988), where they remain for approximately 8 days 
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until the adults hatch (Figure 1.2.) However, for T. obscuratus further research needs 
to be done to determine the pupation sites. After eclosion from pupal to adult, adults 
emerge from the soiL They may return to the same host, if still available, or search 
for alternative hosts. The complete life cycle usually lasts between 10 and 30 days, 
depending mainly on temperature. High fecundity, low temperature thresholds for 
oviposition and development, and their short generation time ensure that the highly 
mobile adults fully exploit their flower habitats in spring (Teulon ft Penman, 1991; 
Lewis, 1997). 
T. obscuratus adults can be found throughout the year in the low-altitude regions of 
New Zealand and survive winter periods on winter-flowering plants (Teulon ft Penman, 
1990). Larvae are seldom found during winter, probably due to low temperatures. T. 
obscuratus adults can survive a long time at low temperatures if some food is provided 
(Teulon ft Penman, 1991) but larvae might be more susceptible to low temperatures 
and limited food supplies. However, given suitable temperatures that exceed 
thresholds for flight, oviposition and larval development, and the availability of food 
resources and possible pupation sites, continuous generations of T. obscuratus may 
occur throughout the year (Teulon ft Penman, 1996). As soon as grape flowers become 
available in spring, T. obscuratus probably disperses into the vineyards from flower 
sources around them or even from distant overwintering sites (Teulon et al., 2005). 
Here they feed and might reproduce on the grape flowers. 
In stonefruit orchards, Teulon and Penman (1996) reported a strong decrease of flight 
activity in late summer after a peak in January. They related this to the low soil 
moisture during late summer, which would prevent larval development in the soiL The 
adults, eggs and larvae of this thrips are known to be numerous on ripe peaches and 
nectarines, but it is not known if they will also feed on ripe grape berries. It is also 
not known if the reported population dynamics and flight activities in stonefruit 
orchards apply to a vineyard environment. 
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Figure 1.2.: Life cycle of Thrips obscuratus, modified from McLaren 8: Walker (1998), 
1.3.4. Ecology of T. obscuratus 
T. obscuratus is considered to be the most widespread thrips in New Zealand and 
during summer is found almost everywhere in the North and South Island. A detailed 
literature research by Teulon and Penman (1990) reported this thrips on at least 225 
plant species from 177 genera and 78 families, showing it to be a highly polyphagous 
herbivorous insect. 
Although T. obscuratus has successfully extended its host range to many exotic plants 
(Teulon Ei: Penman, 1990), it has retained a preference for white- and yellow-
flowering plants (Teulon Ei: Penman, 1992; McLaren, 1995). In stonefruit orchards, T. 
obscuratus feeds on the flowers as they become available. Both adults and larvae feed 
by sucking the contents from soft plant tissues of the flowers and from pollen grains. 
When flowers are no longer available, larvae and adults may feed on new, young 
leaves. Later, adults may also feed on ripe fruits, as has been reported for stonefruit, 
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especially peaches (Teulon & Penman, 1995, 1996). T. obscuratus adults have also 
been found on grape flowers (Marroni et al., 2002) and i t seems likely that they feed 
and even reproduce on this host (Figure 1.3.). 
No reproductive diapause has been recorded for this thrips species in the laboratory or 
in the field and although hosts in Canterbury are more common in spring and early 
summer, adults can be found throughout the year. T. obscuratus continues to 
reproduce and develop throughout the winter on flowers such as gorse (Ulex 
europaeus L.) and broom (Cytisus scoparius L.), but only in areas where low 
temperatures do not persist for a long t ime. In Central Otago, T. obscuratus is 
relatively abundant during the growing season, but is rarely found during winter. Only 
a very few females have been found on dried heads of late-blooming woolly mullein 
(Verbascum thapsus L.) (McLaren & Walker, 1989; McLaren, 1995). 
Figure1.3.: Adult Thrips obscuratus on a grape flower (Marroni, 2003). 
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1.3.5. Damage and economic importance 
In general, thrips damage plant tissues by feeding, ovipositioning or acting as vectors 
or facilitators for dissemination of diseases. Direct feeding on plant tissues can cause 
silvering, due to air entering the cells, or scarring, deformation of the tissues, and 
poor berry set (Childers & Achor, 1995; Childers, 1997). In flowers, thrips feed mainly 
on pollen and nectar, and this may cause a loss of viable pollen for fertilization, as 
well as superficial damage to the ovary (Kirk, 1987, 1997). 
T. obscuratus was first discovered in grape flowers by Crawford (1941) and was later 
associated with distortion of young shoot growth of passion fruit (May, 1963) and 
russetting of nectarine fruit (McLaren, 1992). T. obscuratus is a well known pest of 
stonefruit (Teulon & Penman, 1995; McLaren et al., 1997). The larvae are considered 
to cause considerable damage to the ovary, where their feeding is mostly 
concentrated, when other flower tissues have become desiccated through flower 
maturation (Teulon & Penman, 1994). This species has become a problem with export 
horticulture products such as kiwifruit, peaches and strawberries, because the 
contamination of the fruit with thrips eggs, larvae or adults can cause the rejection of 
the fruit for the export market (Teulon & Penman, 1991; McLaren, 1992). On grapes, 
T. obscuratus can cause oviposition injuries in the pedicel (Plate 1.1. A) and scarring 
of the grape berry skin (Marroni, 2003) (Plate 1.1. B). 
The thrips damage to crops is dependent on their numbers, susceptibility of the crop 
and the part of the crop that is sold. Cosmetic damage such as scars and blemishes, as 
found in stone fruit (McLaren, 1992), avocado and citrus (Childers, 1997) can be 
caused by only a few individuals. Direct yield loss through thrips infestation has been 
reported for onions (Fournier et al., 1995; den Belder et al., 2000) and cereals 
(Childers, 1997) and even though there are differences between regions and age of the 
plants, two to three thrips per leaf is commonly considered an economic threshold 
(Fournier et al., 1995). 
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Plate 1.1.: Thrips egg (A) in berry pedicle and the effect of thrips feeding at 
flowering (B) on a ripe Riesling bunch from Mullins' plants (Marroni, 2003). 
Damage caused to flower tissues may be invisible until some time after the injury was 
inflicted. As affected flowers or fruit mature, the damage becomes more visible and 
subsequent distortion, scarring or abortion of flowers or young fruits occur. Therefore 
high infestations can lead to significant yield losses. In the USA, experiments carried 
out on table grapes indicated that female Frankliniella occidentalis laid their eggs 
during flowering in the pedicel close to the flower and later into the berry tissue. 
These oviposition sites frequently developed into 'halo spots', where each puncture 
caused a small dark scar surrounded by roughly circular whitish tissue. White cultivars 
seemed to be more susceptible to halo spots than red cultivars (Jensen et al., 1992). 
The halo spots in table grape varieties, were considered to be the most severe damage 
caused by thrips as they severely reduced the appearance and economic value of the 
grapes (Yokoyama, 1977). The feeding activities of some thrips species were also 
shown to cause corky scarring of grapevine berry tissue (Yokoyama, 1977, 1979) and 
stunting of the shoots (McNally et al., 1985). As well as being unsightly the initial 
punctures were considered likely to provide entry points for fungal diseases such as 
those caused by B. cinerea (Fermaud et al., 1994; Fermaud & Gaunt, 1995; Marroni, 
2003; McLaren, 2003). 
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To date the high numbers of T. obscuratus reported to occur in grape inflorescences in 
New Zealand vineyards have not been reported to lead directly to yield losses. 
However, Marroni (2003) showed in greenhouse experiments, that introducing thrips at 
flowering resulted in higher scarring in the tissue later on, which might cause splitting 
of the berry under wet conditions. She also showed with her experiments, that the 
occurrence of B. cinerea on grapes was increased, when T. obscuratus was present. 
However, this occurred only in one grape variety and it is not clear whether these 
effects also occur under field conditions. 
1.3.6. Control practices 
In crops where T. obscuratus causes severe damage, chemical methods of controlling 
thrips population are the most common (McLaren et al., 1997). In stonefruit, post-
harvest treatments are also necessary to fulfil the special requirements of the export 
market (Teulon & Penman, 1995). However, several biological constraints affect the 
efficacy of chemical control. T. obscuratus, for example, lays its eggs in plant tissue 
and pupae are buried in the litter or soil layer, where they cannot usually be reached 
by insecticides. Larvae and adults may crawl into buds, bracts or flowers, which also 
provide some shelter from the sprays. In addition, repeated applications are often 
necessary, because emergence of larvae from plant tissue or adults from pupae in the 
soil occurs over a prolonged period of time, and adults may also immigrate from the 
outside into cropping areas during the season (Lewis, 1997). Other suggested control 
methods are removal of any alternative host plant species for T. obscuratus (e.g. U. 
europaeus), especially those directly outside the orchard or vineyard (Teulon & 
Penman, 1995). Flight patterns observed by Teulon and Penman (1996) indicated that 
selecting late-ripening stonefruit varieties, might reduce levels of thrips infestation 
during harvest time, but further research is needed to provide reliable predictions of 
flight patterns and similar investigations may need to be done for other crops infested 
by T. obscuratus. 
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1.4. Grapevine diseases 
1.4.1. Downy mildew 
Downy mildew caused by Plasmopara viticola Berk. & Curt., occurs in most grape-
growing regions and attacks all green parts of the grapevine. Warm, wet weather 
facilitates its spread, which can lead to severe crop losses. On leaves, yellow oilspots 
appear on the upper surfaces and after warm humid conditions, white downy growth 
appears on the undersides of these spots. Defoliation can occur in severely infected 
vines. Inflorescences are very susceptible and severe flower infection causes poor fruit 
set or death of the entire inflorescence, while berries are susceptible to infection 
until pea-size (5-6 mm diameter) (Magarey et al., 2003). Since the disease requires 
rain to spread and warm conditions to thrive, this disease is more important to the 
North Island grape-growing regions of New Zealand. 
1.4.2. Powdery mildew 
Powdery mildew caused by Uncinula necator Schw., is a widespread and persistent 
fungal disease of grapes. It is favoured by mild cloudy weather and is an important 
disease in dry climates. It causes a white to ash-grey powdery coating on leaves and 
fruits. Leaves develop spots which later enlarge and can cover the whole leaf. 
Diseased young berries are prevented from ripening and may split, whereas mature 
berries may develop web like scar patterns in infected areas (Jackson & Schuster, 
1994; Emmet et al., 2003a). 
1.4.3. Bunch rot 
Bunch rot is often caused not by a single fungus but a combination of different 
pathogens, which mostly infect ripening berries. These can include RMzopus stolon;fer 
Ehrenb. or R. arrMzus Fischer, the cause of rhizopus rot; AspergUlus n;ger van 
Tieghem, the cause of black mold or Aspergillus rot, as well as Pen;cUlium spp., and 
Cladospodum spp. These fungi often infect berries which have already been damaged, 
either mechanically by insects, or after prior infection by B. cinerea (Jackson & 
Schuster, 1994; Emmet et al., 2003b). 
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1.5. Botrytis cinerea 
This fungus belongs to the Ascomycotina, which is the largest fungal group, containing 
almost 2000 genera, and many devastating plant pathogens (Moore-Landecker, 1972). 
Botrytis cinerea, the anamorph of Botryotinja fuckeUana de Bary, attacks at least 235 
plant species in temperate regions and causes grey mould on many economically 
important crops, including vegetables (e.g. tomato and cucumber), ornamentals (e.g. 
gerbera and rose), and fruits (e.g. strawberry and grape). It can also live as a 
saprophyte on senescent or dead plant material (Giraud et al., 1999). B. dnerea exists 
in every vineyard, but is more common in those with temperate, cool and damp 
climates that favour its development. It seriously reduces the quality and quantity of 
the crop, which is by the premature drop of bunches caused by stalk rot and the 
desiccation or rotting of berries. In wine production, much serious damage is 
qualitative, because the fungus converts simple sugars (glucose and fructose) to 
glycerol and gluconic acids and produces enzymes that catalyze the oxidation of 
phenolic compounds (Bulit & Dubos, 1988) . 
.)1.5.1. Taxonomy 
Kingdom: Fungi 
Phylum: Ascomycota 
Class: Ascomycete 
Order: Heliotiales 
Family: Sclerotiniaceae 
Genus: Botrytis 
Species: Botrytis cinerea 
The genus Botrytis was established in 1792 by Micheli, who derived the name from the 
Greek 'botrys', meaning 'bunch of grapes'. The genus was validated later by Persoon 
in 1801 and he assigned five species to it, using the binomial system of Linneaus. 
Other species were added until Hennebert finally redefined the genus by reducing the 
380 taxa to only 22 species, including B. cinerea (Jarvis, 1977). The connection 
between the anamorph B. cinerea and its teleomorph was first proposed by De Bary. 
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This connection became more widely accepted after Gregory compared several 
original slides of Botryot;n;a {uckeUana and Pez;za {uckeUana, which indicated that 
they were the same (Jarvis, 1977). There is still much confusion over the taxonomy of 
this genus (Ormrod & Jarvis, 1994) as many(Botryt;s species are asexual states of other 
sexual species.·· For B. cinerea, an international agreement has been found to prefer 
using the anamorphic rather than the teleomorphic name [Xl th International Botryits 
Symposium, 1996, Wageningen, Netherlands (cited in Prins et al. (2000)]. 
There is wi~ morphological variation within B. cinerea, which has been attributed to 
heterokaryosis (Kerssies & Bosker-van-Zessen, 1997), or intrinsic genetic variability, 
and is also associated with the presence of two transposons. These were found in 
recent research in France and caused Giraud et al. (1999) to propose that B. cinerea 
be separated in two groups, which could be considered subspecies. The group 
transposa contains both transposons, whereas vacuma does not contain either. It also 
seems that there is a certain degree of host specification among these two groups, 
with transposa being better adapted to infect grapevines than vacuma (Giraud et al., 
1997; Giraud et al., 1999). However these two transposons have not yet been found in 
New Zealand B. cinerea populations and more research needs to be done in this 
direction. 
1.5.2. Morphology 
v The mycelium of B. cinerea consits of septate hyphae, with septa perforated by a 
single pore (Moore-Landecker, 1972). Survival of mycelium in the soil is very short-
lived, but above the soil surface it can survive for relatively long periods especially in 
infected plant tissue. In general, the survival of the mycelium depends on relative 
humidity and temperature, and varies between isolates of the fungus. Some isolates 
have been reported to survive up to a year at 95%-100% RH and OOC in the absence of 
nutrients (Coley-Smith et al., 1980V 
The conidia, by which the pathogen mainly disperses, are produced at the external 
ends of branched conidiophores (Ingold & Hudson, 1993). They are divided into two 
different types: conidia and microconidia. The conidia are single-celled, 9-12 x 7-10 
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~m in size and obovate or elliptical in shape. These conidia are hydrophobic and 
produced in vast quantities. Their brownish to grey colour has given the name 'grey 
mould' to many diseases caused by this fungus (Jarvis, 1977; Coley-Smith et al., 
1980). Microconidia are produced in chains at the end of spermatiophores in aged 
mycelium. They are single-celled, hyaline, 2-3 ~m long and their function is believed 
to be the spermatization of sclerotia (Bulit & Dubos, 1988). 
~ .5.3. Disease cycle 
The disease cycle of B. dnerea is quite complex. It has many infection pathways, 
whose mechanisms and interactions with environmental factors are still not well 
understood. Usually B. dnerea survives over the winter as dormant mycelium in 
dormant buds or as small, hard, black sclerotia on leaf petioles, canes and bark of the 
trunk. It can also survive as a saprophyte in dead plant materials, such as leaves, 
mummified berries and rachii (Giraud et al., 1999). In the spring, during moist 
weather conditions, conidiophores develop from the overwintering stages on the 
tissues and produce vast quantities of conidia. The conidia are dispersed by wind, 
rain, or insects (Figure 1.4.). 
--
........ 
Early on in the growing season, most of the conidia within the vineyard are produced 
from mulched prunings on the ground (Elmer et al., 1997). The fungus requires free 
moisture (e.g. wet surfaces) for germination, and cool (15-25' C) damp weather for 
optimal infection, growth, sporulation, and conidia release. The earliest susceptible 
tissues are the buds, new shoots and young leaves, while infection of intact and older 
vegetative tissues is rare. At cap fall, flowers become available and, if infected, can 
be lost due to flower rot caused by this pathogen. Between bloom and veraison, 
berries are normally not susceptible. The reasons proposed, include protection by the 
thick cuticular layers (Commenil et al., 1997) and the production of inhibitory 
compounds, such as resveratrol in the developing berries (Bavaresco et al., 1997; 
Montero et al., 2003; Roldan et al., 2003). After veraison, the berries become 
relatively susceptible. The skins start to soften, the inhibitory compounds diminish 
and the sugar concentration in the berries increases (Emmet et al., 2003b). 
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Figure 1.4.: Disease cycle of B. cinerea in grapevines (Emmet et al. , 2003b). 
1.5.4. Symptoms on the grapevine 
Symptoms vary greatly depending on the cultivar and plant part attacked. Generally, 
they include a grey to brown discoloration, water soaking, and a whitish to grey mould 
(mycelium and conidia) growing on the surface of the infected area. In grapevines the 
typical symptoms are as follows: 
/shoots: Under favourable conditions, B. dnerea can infect young succulent shoot 
growth early in the season causing patches of soft brown rot, which may break at the 
nodes revealing a brown discolouration of internal tissues. Shoot stems may be girdled 
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at the point of infection and their extremities either wilt and die or break off (Bulit & 
Dubos, 1988; Emmet et al., 2003b). 
/Leaves: When young or damaged leaves are infected, the fungus usually grows from 
the edge of the leaf, producing a brown, V-shaped area of dead tissue between the 
main veins. 
v'f3err;es and bunches: Infected inflorescences develop patches of brown, mushy rot 
that spread along the main stalks (peduncles) finally enveloping whole inflorescences 
(Emmet et al., 2003b) (Plate 1.2.). In some seasons, occasional immature berries in 
bunches develop a soft brown rot in early summer (mid season rot) on which grey to 
buff-coloured conidia masses of the pathogen develop during favourable conditions. 
More often however, bunch rots develop in late summer and autumn as grape berries 
mature or after harvest when grapes are cool-stored. The first signs of infection in 
mature grape berries are small circular water-soaked spots. On red or black grape 
varieties, these spots may be faintly clear, but are relatively indistinct. When the 
infected berries are rubbed, the skin over these spots cracks and slips off freely, 
revealing the firm inner berry pulp. Affected berries usually become brown and soft, 
but they may remain turgid as the rot spreads within them. During favourable 
conditions, grey-buff-coloured tufts of fungal growth emerge from splits in skins of the 
infected berries (Plate 1.2.). In compact bunches, the rot may spread rapidly from 
berry to berry until entire bunches are rotted, with the whole bunch having a matted, 
grey, velvet-like appearance. If dry conditions follow infection, berries dry up and 
become raisin-like but remain attached to the bunch (Emmet et al., 2003b). 
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Plate 1.2.: B. cinerea damage on grapevine (Emmet et al., 2003b); A B. cinerea 
on red variety; B B. cinerea on white variety; C Sclerotia on cane; 0 B. cinerea 
on inflorescence; E B. cinerea developed from cracks on berries. 
1.5.5. Economic importance 
Horticulture makes a significant contribution to the New Zealand economy through its 
exports, now worth more than 2 billion N.Z. dollars annually. Kiwifruit, apples and 
wine products are the three major export goods in the horticulture industry 
(www.hortresearch.co.nz/hortcrops). B. cinerea is a major cause of plant diseases in 
New Zealand horticulture. In kiwifruit production, losses greater than 30% have been 
recorded in extreme cases (Michailides &: Elmer, 2000). The direct and indirect losses, 
caused by premature fruit softening, may cost the New Zealand industry up to 8 
million U.S. dollars annually, and millions of dollars are also spent every year in 
controlling this disease. 
1.5.6. Control practices ~ 
The control of B. cinerea disease in grapes has always been a challenge, because of its 
wide host range, saprophytic abilities, and its ability to survive and grow in a range of 
various environmental conditions (Viret et al., 2004). Applications of protectant 
fungicides in spring (e.g. when shoots are 10-20 cm long) may be necessary to reduce 
the incidence of shoot infection and the loss of inflorescences. However, bunch rot 
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control primarily depends on preventing B. cinerea from becoming established within 
bunches during the flowering period. Consequently fungicide applications at pre-
flowering and appr()ximately 10-14 days later (flowering). are commonly used on 
susceptible varieties. In most routine schedules, fungicide sprays are also applied just 
before bunch closure, at veraison and 1-2 weeks before harvest (Emmet et al., 2003b; 
Balasubramanian, 2004). 
The control of Botrytis rot in grapes has relied mainly on the use of fungicides, but its 
destructive potential at harvest and the occurrence of fungicide resistance has led to 
greater reliance on cultural methods such as vineyard sanitation and vine canopy 
management practices (Ellison et al., 1998). The sources of B. cinerea within 
vineyards can be reduced by removing dead canes and grape 'mummies' from the 
vines at pruning, and burning or mulching them (Emmet et al., 2003b). Canopy 
management practices that provide for aeration of vine canopies and bunches, also 
contribute to disease control. 
Due to fungicide overuse, resistant as well as multi-resistant isolates of B. cinerea are 
now widespread (Latorre et al., 2002) and other reliable alternatives to fungicides are 
now being sought worldwide. Together with an increasing public concern the non-
target effects of pesticides, including environmental affects and residues in food, 
have led to the development of other approaches to disease control, including the use 
of mulches to reduce inoculum in the vineyard (Jacometti et al., 2007) and biological 
control methods using antagonistic epiphytic micro-organisms (Zahavi et al., 2000). 
However, only a few agents have been commercialized for biological control of 
Botryt::is rot, possibly because of the difficulties associated with developing 
formulation and application systems for those agents, and meeting the registration 
and patent regulations, which are more complicated than with pure chemical agents 
(Mehrotra et al., 1997). 
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1.6. Interactions between T. obscuratus and B. cinerea on grapevine 
Thrips damage horticultural crops by their feeding and are also reported as vectors for 
different diseases (e.g. tospovirus, and some fungal and bacterial diseases) (McLaren, 
2003). Fruit damaged by insects also has a greater risk of fungal infections, probably 
because the pathogens enter the host plant through the feeding wound. Ellis et al. 
(1988) reported that in peaches, T. obscuratus adults can act as mechanical carriers 
of MonWn;a fructicola Wint. (Honey) conidia, which attach to their bodies when 
walking over or resting on flowers and fruits with sporulating lesions. The authors 
estimated the average load carried by T. obscuratus adults to be approximately 170 
conidia per thrips. On nectarine, McLaren (2003) also reported that T. obscuratus is 
capable of vectoring the pathogen during the flowering and the early fruitlet stage, 
but the exact mechanism was not examined. 
Investigations into the role of T. obscuratus as a vector of B. cinerea conidia in 
kiwifruit (Fermaud et al., 1994) found a significant thrips x B. cinerea interaction. This 
indicated that the presence of T. obscuratus in association with B. cinerea inoculum 
at flowering could cause an increase in B. cinerea inoculum on fruit surfaces, thereby 
placing fruits at risk of B. cinerea rot (Fermaud et al., 1994; Fermaud & Gaunt, 1995; 
Michailides & Elmer, 2000). It therefore seems likely that T. obscuratus could act as a 
carrier for B. cinerea conidia in vineyards. During flowering of grapes a brief survey 
found abundant thrips per inflorescence, although the numbers varied between New 
Zealand regions (Marroni, 2003). So far, thrips infestation has not been reported to 
cause damage to flowers that resulted in a dramatic yield lost. However, Marroni 
(2003) reported higher occurrence of scarring on grape berry surfaces at harvest, 
when T. obscuratus was introduced to the inflorescence. These scars may limit berry 
expansion, since they represent stressed areas, causing the skin to rupture after 
sudden water intake (Lang & Thorpe, 1988). Although this has not been proven, 
observations in a Nelson vineyard during the 2003/04 growing season indicated that a 
high abundance of thrips during flowering resulted in a high level of scarring and 
subsequent splitting of the berries near to harvest time (Phil Gladstone pers. com., 
2004). However, attempts to induce splitting of scarred berries in greenhouse trials 
failed to show a correlation between berry scarring and splitting (Marroni, 2003). 
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In the epidemiology of B. dnerea in grapes, little is known about the relationship 
between early infection and latency, although flower infection is believed to be an 
important stage (Keller et al., 2003). Latency occurs when the fungus is quiescent in 
the infected tissue, only reactivating when the fruit ripens. In grape inflorescences, B. 
dnerea commonly grows on dead flower tissues (Emmet et al., 2003b), on which it 
may sporulate under favourable conditions. Since grape inflorescences contain many 
individual flowers which may mature at different times, the sporulating dead and 
freshly-opened flowers can be adjacent to each other, allowing the foraging thrips to 
pick up and drop B. dnerea conidia, and therefore to act as vectors of the disease. 
On T. obscuratus, the conidia of B. dnerea were mostly found in sculptured areas, 
intersegmental regions, or trapped under setae (Fermaud Ei: Gaunt, 1995). This 
suggested that for adults of T. obscuratus conidial retention is likely to be mainly 
mechanical (Fermaud Ei: Gaunt, 1995). Additionally, thrips have been observed to feed 
at the same flower parts, where B. dnerea latent infection is thought to take place 
(Figure 1.5.) (Keller et al., 2003). Other insects, like the fruit fly (Drosophila 
meianogaster Meigen) and grape berry moth (Lobesia botrana Den. Ei: Schiff.), have 
also been reported to serve as vectors for transmission and dissemination of fungal 
diseases, by carrying conidia of the diseases both externally and internally (Fermaud Ei: 
Le Menn, 1992; Louis et al., 1996). Therefore it seems possible, that thrips can act as 
a vector and so have a role in Botrytis bunch rot epidemiology. 
Although flower infection seems to play the most important role in the infection cycle 
of B. dnerea on grapes, later infections on developing berries might also be of 
importance. Studies with grape berry moth larvae have shown that the damage done 
by third generation-larvae to ripe berries predispose the fruit to invasion by the fungus 
(Fermaud Ei: Le Menn, 1992). T. obscuratus is known to feed on ripe stonefruit which 
they damage with puncture wounds (McLaren, 1995), however the possibility of them 
feeding on ripe grape berries has not been yet investigated. 
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Figure 1.5.: Infection sites of B. cinerea on grape flowers: (2) receptacle area, (3) 
stigma, (4) ovary (Keller et aL, 2003). 
1 .7. Aims and objectives of this study 
The aim of the present research was to investigate the potential economic impact of 
the endemic thrips species T. obscuratus by its feeding on grapevine flowers, an 
economically important introduced crop in New Zealand. The objectives of this 
research were: 
1. To investigate aspects of the biology of T. obscuratus in two vineyards in the 
South Island of New Zealand (Canterbury House Vineyard (Amberley) and 
Neudorf Vineyard (Motueka)) by determining seasonal flight activity and 
infestation levels, population dynamics and short distance movement of the 
insect within the vineyard. 
2. To investigate the interactions between T. obscuratus and B. cinerea under 
greenhouse and field conditions including: 
a. Transfer of conidia by the insect from infected to uninfected 
inflorescences 
b. Determine yield losses due to the presence of T. obscuratus and/or B. 
cinerea 
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c. Determine incidence and severity of B. dnerea throughout the season 
d. Determine the physical damage caused by T. obscuratus, such as scarring 
and change of physiological properties of the berry (e.g. total phenolics) 
e. Determine behavioural aspects of T. obscuratus on grape flowers, such as 
preferred feeding, resting and oviposition sites. 
3. To develop a molecular identification of T. obscuratus using DNA barcoding. 
1.7.1. Thesis structure 
Each chapter reflects an area of this research and where possible individual chapters 
or sections within a chapter are presented in such a way that they can be easily 
adapted for submission for publications. Thus, each experimental chapter/section has 
its own Introduction, Methods and Materials, Discussion and Reference sections. The 
use of such format has, by necessity, resulted in some repetition of content, however, 
where possible this has been kept to a minimum. 
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CHAPTER 2 
The biology of Thrips obscuratus in two vineyards in the South Island 
of New Zealand 
2.1. Chapter introduction 
New Zealand has ten main wine growing regions, each displaying a great diversity in 
climate and terrain that affect grapevine development and also harvesting date. The 
Canterbury and the Nelson regions were chosen for this research to reflect some of 
this diversity. Canterbury is New Zealand's fourth largest wine region with 
approximately 853 ha of vines in 2005. It is a mainly agricultural region representing 
low diversity in the landscape, and the wine producing areas in this region are 
surrounded mainly by pasture. The climate is termed as 'cool temperate' with cold 
winters and dry, warm summers and an average annual rainfall of 600-700 mm. The 
relatively low annual heat summation (900-1100 0c) is compensated for by the 
region's latitude, providing higher light intensity and day length during the growing 
and ripening season (Schuster et al., 2002). 
In Nelson, the country's eighth largest wine region, viticulture occupied approximately 
646 ha of vines in 2005, mainly in scattered pockets surrounded by a range of other 
horticultural crops. The Nelson region has an annual heat summation of 1050-1100 °C 
and an average annual rainfall of 1000-1250 mm (Jackson & Schuster, 1994). Overall 
the risks of frost in spring are much lower in this region compared with the Canterbury 
region. 
Thdps obscuratus is the most studied of the endemic New Zealand thrips species. This 
thrips species is abundant in grapevines at flowering and in stone fruit at flowering 
and ripe fruit, where it is considered to be a pest, resulting in extensive studies on its 
phenology, damage to fruit, movement and its ability to vector fungal diseases 
(McLaren, 1992, 1995,; Teulon, 1992; Teulon & Penman, 1990, 1994, 1995). However, 
it is not known if its biology in stone fruit orchards is similar to that in vineyards. This 
chapter provides background information of T. obscuratus biology in vineyards and it 
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investigates flight patterns, occurrence during the season, life cycle and short 
distance movement between grapevine rows. The information collected in this study 
will help to improve current understanding of the importance of T. obscuratus as a 
possible grapevine pest in New Zealand. 
SECTION 1 
Seasonal flight activity and infestation levels of the New Zealand flower thrips 
(Thrips obscuratus> in two South Island vineyards 
Adapted from: 
K. Schmidt, D.A.J. Teulon and M.V. Jaspers (2006). Phenology of the New Zealand 
Flower Thrips (Thrips obscuratus) in two vineyards. New Zealand Plant Protection 
59:323-329 
2.2. Introduction 
The endemic New Zealand flower thrips (Thrips obscuratus (Crawford)), is one of the 
most common thrips species found in New Zealand (Walker, 1985). Originally an 
inhabitant of endemic host plants, it has successfully colonised numerous plant species 
introduced into New Zealand (Teulon & Penman, 1990), on which adults and larvae 
may feed on young leaves, pollen, nectar and some ripe fruits. Adults and larvae of 
this thrips species can be found throughout the year where continuously flowering host 
plants, such as gorse Ulex europaeus L. are available (McLaren, 1995; Teulon & 
Penman, 1990, 1996). 
T. obscuratus is considered a pest of stonefruit (McLaren et al., 1997; Teulon & 
Penman, 1995), in which irregularly shaped blocks of russet (McLaren, 1992) may be 
caused due to the feeding by adults and larvae in spring on nectarine ovaries and 
young fruits. Adult T. obscuratus also infest nectarine and peach fruit at harvest 
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where they feed and oviposit on ripe fruit. In young passion fruit, fine scar lines and 
fruit distortion symptoms have also been reported (May, 1963). 
T. obscuratus was first reported in grape flowers by Crawford (1941) and more 
recently large populations of this insect have been reported in New Zealand vineyards 
(Marroni et al., 2002). It appears to invade grape flowers in spring from flower sources 
such as gorse and broom (Teulon et al., 2005). To date T. obscuratus has not been 
reported to lead directly to yield losses in wine-producing vineyards, but in recent 
years some viticulturists have expressed concern about the damage this insect appears 
to cause to grapes, especially the severe scarring associated with high thrips numbers 
at flowering (Phil Gladstone pers. comm., 2004 and Karen Olssen pers. comm., 2006). 
So far, there have been no studies of the biology of T. obscuratus in vineyards. 
Therefore, the aim of this study was to determine the numbers of T. obscuratus 
caught in traps in vineyards from spring to autumn and its infestation levels within 
inflorescences from the Canterbury and Nelson regions in the South Island of New 
Zealand. The information from this study will help to establish whether T. obscuratus 
should be considered a pest on grapevines in the South Island. 
2.3. Materials and methods 
Sampling was conducted at Canterbury House Vineyard (renamed Waipara Hills 
Vineyard, May 2006) in the Waipara district, North Canterbury, and Neudorf Vineyard 
near Motueka in the Nelson region. Canterbury House Vineyard comprised ca 100 ha of 
grapevines, with several blocks of the varieties Pinot Noir, Merlot, Riesling, 
Chardonnay, Sauvignon Blanc and Pinot Gris. All sampling described below at this site 
was done in one Riesling block and an adjacent Sauvignon Blanc block in the middle of 
the vineyard. Neudorf Vineyard had ca 50 ha of grapevines of mainly Pinot Noir, but 
also a few blocks of Chardonnay and one of Riesling and Pinot Gris. All sampling at this 
vineyard took place in the one Riesling block in the middle of the vineyard. The 
numbers and species of thrips were estimated from these blocks for 2003/04 and 
2004/05 using flower and water trap sampling. 
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2.3.1. Flower sampling 
At full bloom of each variety, 10 inflorescences of the grapevine varieties Riesling and 
Sauvignon Blanc, at Canterbury House Vineyard, and of Riesling at Neudorf Vineyard, 
were randomly chosen from the selected blocks, cut off and each carefully placed into 
a new re-sealable plastic bag to retain the thrips already on the bunch. These bags 
were placed in a freezer (-20°C) to kill all thrips and to store them until they were 
counted. Each inflorescence was shaken over white paper to dislodge the thrips, and 
then carefully inspected for any remaining thrips, which were removed with a fine 
brush, before the complete sample was counted. After counting, a sub-sample of 10-
20% of the thrips of each sample was taken and mounted onto microscope slides for 
species identification, using descriptions and keys from Mound & Walker (1982) and 
Mound & Kibby (1998). 
2.3.2. Sampling with water traps 
The water traps were open, white plastic containers (170 x 170 x 85 mm) placed on 
metal posts within the grapevine rows early in the season. In the first field season 
(2003/2004) at Canterbury House Vineyard, three different heights were used for the 
traps: six each at 15 cm, 80 cm (directly below the grapevine canopy) and 140 cm (in 
the middle of the canopy) above ground. The different heights gave an indication of 
where within the grapevine rows thrips would be mostly found during the season. The 
traps were placed in the vineyard on 13 November 2003 in six rows within the middle 
of the Riesling block at each height. Each selected row contained three traps, which 
were placed at least 30 m apart from each other and none closer to the end of the 
row than 10m. At the Neudorf Vineyard site, six water traps were set up at only 140 
cm above ground level on 10 December 2003. Two rows were selected in the Riesling 
block of the vineyard and three traps were placed in each row at least 30 m apart 
from each other and none closer to the end of the row than 10 m. Sampling started 
two weeks after placing the traps in the vineyards (sampling times) and commenced in 
fortnightly intervals until grape harvest on 1 April at Canterbury House Vineyard and 
on 24 March 2004 at Neudorf Vineyard. In the first season (2003/04) at Neudorf 
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Vineyard, the start of the flowering period was missed due to the late start of the 
project in this vineyard. 
In the second season (2004/2005), six water traps were placed at both field sites 
contiguous with the vine canopy at 140 cm above ground in two selected rows of the 
Riesling block (three traps in each). They were set up on 24 November 2004 in 
Canterbury House Vineyard and on 2 December 2004 in Neudorf Vineyard, with 
sampling starting two weeks later and continuing in fortnightly intervals, as in the first 
season, until grape harvest on 14 April and 7 April 2005 respectively. 
In both seasons, all water traps contained ca 2 l of water, with 5 drops of detergent, 
to break the surface tension so that captured insects would sink to the bottom of the 
traps, and ca 5 ml of propylene glycol, to prevent fungal and algal growth in the traps. 
All traps were emptied fortnightly (sampling time) through a sieve and the strained 
contents of each trap were stored in 120 ml specimen jars filled with 70% ethanol at 
10 0 C. After counting the thrips in each sample, a sub-sample of 10-20% from each 
sample was taken and mounted onto microscope slides for species identification, using 
descriptions and keys from Mound & Walker (1982) and Mound & Kibby (1998). The 
proportion of each sub-sample that was made up of T. obscuratus and other thrips 
species was determined for each sampling time and locality. 
2.3.3. Data analysis 
Data for individual flower bunches from each variety by site combination were used to 
calculate 95% confidence intervals for the mean number of T. obscuratus per flower 
bunch. Confidence intervals that do not overlap indicated a significant difference in 
the mean number of T. obscuratus per flower bunch. 
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2.4. Results 
2.4.1. Flower sampling 
In both years, mean numbers of T. obscuratus per Riesling flower bunch were greater 
at Neudorf Vineyard than at Canterbury House Vineyard (Table 2.1.). Mean numbers of 
T. obscuratus in Sauvignon Blanc, which was sampled at Canterbury House Vineyard 
only, were higher than for Riesling in 2003 but not in 2004. 
Table 2.1.: Mean (± SE) number of T. obscuratus per inflorescence at Neudorf Vineyard and 
Canterbury House Vineyard in two seasons collected at full bloom of each variety and 
vineyard. 
Riesling Sauvignon Blanc 
Year Field site Mean (±SE) 95% Ci l Mean (±SE) 95% CI 
2003 Neudorf 72.8 (±7.9) (54.8; 90.8) 
2003 Canterbury House 
2004 Neudorf 
16.4 (±1.6) (13.1; 19.7) 52.9 (±4.9) (42.7; 63.1) 
107.6 (±20.6) (60.9; 154.3) 
2004 Canterbury House 22.1 (±3.5) (14.1; 30.2) 27.8 (±5.1) (16.2; 39.4) 
'Confidence interval 
2.4.2. Sampling with water traps 
In the first field season at the Canterbury House Vineyard site, the mean numbers of 
all thrips species caught at all three heights increased between the first and second 
sampling times, which were at the beginning of flowering and at full bloom of the 
grapevines, respectively (Figure 2.1. A). They remained high for a further two weeks 
(late flowering) and after that, the numbers declined at almost the same rate as they 
had increased during fruit set, being relatively low by berry touch and harvest. During 
the flowering period (first three sampling times), the numbers of all thrips caught 
were highest in the 140 cm traps, which were positioned next to the vine canopy and 
the flower bunches, and lowest in the 15 cm traps. During full bloom and late 
flowering, T. obscuratus dominated the thrips species captured in the traps (about 
80% of all thrips caught in the traps). Most T. obscuratus were captured in the 140 cm 
and 80 cm traps with only 50% or fewer in the lowest traps (Figure 2.1.B). 
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In the second season, the decline in thrips numbers was faster at Neudorf Vineyard 
than at Canterbury House Vineyard. The overall levels of thrips numbers caught in 
water traps next to the grapevine canopy at 140 cm above ground were quite similar 
at both field sites and in the two seasons (Figures 2.2. A & B). At both field sites and 
in both seasons, the mean percent of T. obscuratus, of all thrips caught in the water 
traps, was highest at full bloom. In 2004/05, the mean percent of T. obscuratus was 
higher than in 2003/04 at both field sites (Figures 2.2. A & B) at most sampling times. 
At Canterbury House Vineyard in 2004/05, the mean percent of T. obscuratus was high 
throughout most of the season (between 60-90% of all thrips), whereas in the previous 
year proportions fell to 20% during the summer and slowly rose again to approximately 
50% at harvest (Figure 2.2.A). At Neudorf Vineyard, the percentage of T. obscuratus 
dropped to about 20% during fruit set and berry touch in both seasons and stayed low 
until harvest (Figure 2.2.B). Other adult thrips species identified at both field sites 
were mostly Umothrips cereaLium Haliday, Thrips australis Bagnall and species from 
the sub-order Tubulifera. Only low numbers of thrips larvae were detected on flowers 
and in water traps. 
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Figure 2.1.: Data are for three different heights of water traps during 2003/04 at Canterbury 
House Vineyard and fortnightly sampling times, beginning 13.11.2003. (A) Mean number of all 
thrips (logarithmic axis) and (B) mean percent of T. obscuratus (of all thrips captured). 
Physiological stages of the grapevine are indicated by FB=full bloom, FS=fruit set, BT =berry 
touch and H=harvest. 
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Figure 2.2.: Mean number of all thrips and mean percent T. obscuratus of all thrips captured 
in water traps set at 140 cm above ground in two seasons at (A) Canterbury House and (B) 
Neudorf Vineyards. Fortnightly sampling intervals began at Canterbury House Vineyard on 
13.11.2003 and 24.11.2004 and at Neudorf Vineyard on 10.12.2003 and 2.12.2004. 
Physiological stages of the grapevine are indicated by FB=full bloom, FS=fruit set, BT=berry 
touch and H=harvest. 
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2.5. Discussion 
The lower number of T. obscuratus on flower bunches of Riesling compared with 
Sauvignon Blanc (Table 2.1.) might not be a consistent effect as a difference was seen 
in only one of the sampling years. Any differences observed may have been due to the 
time that Riesling came into flower, which was approximately a week before 
Sauvignon Blanc at the time when aerial populations of T. obscuratus were building up 
rapidly (sampling times 1 and 2 in Figures 2. 1.A and 2.2.A). 
Although some aspects of the biology of T. obscuratus, such as flight activity during 
the season, have been reported in stone fruit (McLaren 1992, 1995; Teulon & Penman 
1994, 1995) , little is known about its biology in vineyards. I n this study, the flight 
activity of adult T. obscuratus throughout the season was opposite to that reported by 
Teulon & Penman (1994) on stonefruit. These authors found that the numbers of T. 
obscuratus caught in traps was relatively low during the flowering period compared 
with the strong increase during summer when fruit became ripe. The numbers of T. 
obscuratus adults caught in water traps in both vineyards increased rapidly during the 
relatively short (t~~weekS) flowering period, which might indicate that they did not 
result from breeding populations within the grape flowers but most likely by 
emigration from sources outside the vineyard (Teulon et al., 2005). This pattern is 
very similar to that reported for thrips infestation in blueberries in Florida, USA, 
where thrips populations of mainly FrankHn;ella b;sp;nosa Morgan increased almost 
exponentially, reaching a maximum over the two week period when about 90% of the 
blueberry flowers were open and then declined until the thrips virtually disappeared 
at petal fall (Arevalo & Liburd, 2005). 
Although polyphagous thrips often have a mixed diet, for flower feeding thrips pollen 
and nectar are often important for egg production and larval development (Kirk, 
1997). Teulon and Penman (1991) reported that after pollen was removed from their 
diet, the oviposition rate of T. obscuratus females declined and finally stopped and 
the development time of T. obscuratus larvae increased. In this study, the decreasing 
numbers of T. obscuratus caught in the vineyards after grapevine flowering probably 
reflected the lack of other flowering plants, which led to the emigration of T. 
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obscuratus from the vineyard as the supply of pollen and nectar as food sources 
deteriorated. In stonefruit orchards, the high numbers of T. obscuratus late in the 
season reflect the fact that they also feed on ripe nectarine and peaches (McLaren, 
1992; Teulon & Penman, 1994). However, in the present study they were not observed 
feeding on ripe grape berries. The few thrips found throughout the season were 
probably surviving on the flowering weeds found in and around the vineyards. 
The widespread distribution of T. obscuratus can be attributed to its long distance 
spread by wind (McLaren, 1995) and to the large areas of introduced weeds, such as 
gorse, broom and lupin, which have been recorded as common host plants for this 
species (Teulon & Penman, 1990) and which possibly act as a source of this insect in 
early spring. Native host plants of T. obscuratus probably do not play an important 
role as sources of immigration, since most of these species have been cleared from 
the agricultural landscape, especially in Canterbury. 
T. obscuratus densities in vineyards may be influenced by a number of factors, 
including availability and proximity of overwintering hosts, the weather and the 
overall landscape structure. The numbers of all thrips, including T. obscuratus, caught 
in the water traps and numbers of T. obscuratus in the flower bunches were higher at 
Neudorf Vineyard compared with Canterbury House Vineyard, possibly because the 
Motueka region, in which Neudorf Vineyard is located, has a diverse natural and crop 
flora. It has forested areas as well as fruit orchards, hop fields, pasture and home 
gardens, which undoubtedly provide an almost year-round source of flowering plants 
to act as food sources. Observations made of the different types of weeds and crops 
adjacent to Neudorf Vineyard indicated a wide variety of possible overwintering and 
alternative host plants for T. obscuratus. Additionally, the climate at Neudorf 
Vineyard is warmer and has a higher humidity throughout the year than in the Waipara 
valley, where Canterbury House Vineyard is located. The Waipara valley contains 
mostly pasture, with some broom and gorse growing on the hillsides. To understand 
the reasons for the differences in numbers of T. obscuratus occurring in the different 
regions and vineyards of New Zealand, as well as its movement and distribution, 
further research should be conducted throughout the season into the effects of 
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environmental factors on their fecundity and longevity. These may include the 
influence of climate and landscape, size of the vineyard and differences in plant 
biodiversity caused by vineyard management systems. 
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SECTION 2 
Population dynamics of Thrips obscuratus in vineyards 
2.7. Introduction 
Adult females of flower feeding thrips usually lay their eggs into the plant tissue close to 
their food sources. The emerging larvae and the adults feed mostly on pollen and nectar, 
but they may also suck sap from soft, green plant tissues. The two actively feeding larval 
stages are followed by two non-feeding stages, pre-pupal and pupal, which usually occur 
in the ground below the host plant. After emergence from the ground, the adults 
immediately begin searching for food (Lewis, 1997a). The complete life cycle of T. 
obscuratus usually lasts between 10 and 30 days, depending mainly on temperature 
(Lewis, 1997b; Teulon & Penman, 1991). In spring, T. obscuratus adults probably migrate 
from their winter habitats into flowering crops, such as vineyards. 
Colour and colour contrast are used by insects to distinguish between a host plant and the 
surrounding environment. Depending on the purpose of the study, different colour traps 
may be used to attract and so maximise numbers or to trap insects at random without 
attracting them. A study carried out by Teulon and Penman (1992) established that the 
colour white attracted T. obscuratus and that green did not. The aim of this study was to 
determine whether T. obscuratus completes its life cycle in vineyards. Since it is difficult 
to find the pupal stages of thrips in the ground in the field, the trapping concentrated on 
other life stages. Green water traps were set below the grapevine canopy to catch flying 
adults and first and second instar larvae, whereas emergence traps were set into the 
ground to catch emerging adults. Additionally, grape flowers with their pedicels attached 
were stained and examined for thrips eggs. 
2.8. Materials and methods 
2.8.1. Monitoring of different life stages in the vineyard 
To catch mainly late second instar larvae as they dropped to the ground to pupate, six 
green water traps were placed directly underneath the vine canopy in each of two 
selected Riesling and Sauvignon Blanc rows on 24 of November 2004 at Canterbury 
House Vineyard and in two selected Riesling rows on 2 December 2004 at Neudorf 
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Vineyard. At each vineyard, the two rows were at least 50 m apart and the trapping sites 
were chosen to give even coverage of the selected variety. 
The non-attracting green water traps contained water, detergent and propylene glycol as 
described before (Section 1; 2.3.2.). The traps were emptied at fortnightly intervals and 
the sieved contents of the traps were stored at 1Q°C in 120 ml specimen jars filled with 
70% ethanol. After counting the thrips in each sample, a sub-sample of 10-20% of the adult 
thrips was taken and mounted onto microscope slides for species identification, using 
deSCriptions and keys from Mound & Walker (1982) and Mound & Kibby (1998). Larvae 
could be identified by morphology only into orders, but not to species, using the 
characteristics reported by these authors. The focus in larval identification and counting 
was on the sub-order Terebrantia, a sub-order that includes T. obscuratus. Larvae 
belonging to another sub-order (e.g., Tubilifera) were counted and incorporated in the 
number of 'other' thrips species. 
To catch emerging adults, six grey emergence traps were placed on the ground in the 
same selected rows as the green water traps. To investigate possible areas of emergence, 
at Canterbury House Vineyard the traps were placed underneath the vines, and at Neudorf 
Vineyard they were placed in the middle of the inter-rows. The emergence traps consisted 
of 15 cm long rings, cut from a PVC (poly vinyl chloride) pipe (ca 20 cm diameter), each 
with a clear perspex disc laid on top of it. An acetate sheet of the same size as the disc 
and coated with insect glue (Tangle-TraplM Insect Trap Coating, Tanglefoot®, USA) was 
placed, glue side down, between the perspex disc and the pipe to catch emerging adults 
(Figure 2.3.). At fortnightly intervals, the acetate sheets were replaced with new ones. 
The used ones were placed individually into new re-sealable plastic bags and stored at -
20·C for later insect counting and identification. In each vineyard row, three water and 
three emergence traps were placed in each row at least 20 m apart from each other and 
the first trap 20 m from the beginning of the row. 
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Figure 2.3.: Construction of the emergence trap. 
Egg-laying by the thrips was investigated in both vineyards in 2004 at full bloom (9 
December 2004 for Canterbury House Vineyard and 14 December 2004 for Neudorf 
Vineyard). In both vineyards, 10 inflorescences were randomly chosen for staining from 
the Riesling rows. From previous observations of numbers of adult thrips at the same 
vineyards (see Section 1), fewer eggs were expected at Canterbury House Vineyard 
compared with Neudorf Vineyard and this was reflected in the number of replicate flowers 
selected for staining from each inflorescence, being 10 flowers per inflorescence at 
Canterbury House Vineyard and 3 flowers per inflorescence at Neudorf Vineyard. The 
staining and clearing methods were based on methods described by Teulon and Cameron 
(1995). The individual flowers, including their pedicels were cut off and immediately 
transferred into glass vials containing a staining solution of 0.2% acid fuchsin in 95% 
ethanol and glacial acetic acid (1:1 v/v). After 2 days, the flowers were transferred to 
glass vials containing a clearing solution of distilled water, 99% glycerine and 85% lactic 
acid (1: 1: 1 v Iv Iv), in which they were stored at 4 0 C until each complete flower (including 
the pedicel) was examined for eggs under a stereo microscope. 
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2.8.2. Data analysis 
The difference in mean numbers of eggs per Riesling flower between the two vineyards 
was compared pair-wise using the Mann-Whitney U-test (SPSS 12.0). 
2.9. Results 
2.9.1. Monitoring of different life stages in the vineyard 
In the green water traps at both field sites numbers of T. obscuratus adults dominated 
during the first three sampling times (Table 2.2.). Their mean percent decreased 
thereafter, the decrease being more rapid at Neudorf Vineyard than at Canterbury House 
Vineyard (Figures 2.4. A & B). The mean percent of other thrips species increased after 
full bloom, especially at Neudorf Vineyard towards the end of the season (Figure 2.4.B). 
High percentages of Terebrantia larvae were found in the traps only during the first 6-8 
weeks of sampling. They increased until the beginning of fruit set, following the peak of 
T. obscuratus adults at full bloom and decreased thereafter (Figures 2.4. A & B). 
No adult thrips were captured in the emergence traps in either vineyard. Thrips eggs were 
detected in the pedicels of the flowers (Plate 2.1.). In most cases, only one egg was found 
per pedicel, but in a very few cases, two eggs were found. The frequency of eggs found at 
Canterbury House Vineyard was significantly lower (P=0.043) compared with Neudorf 
Vineyard. On average 25% of flowers inspected had one egg each at Canterbury House 
Vineyard and 44% of flowers inspected had one egg each in pedicels at Neudorf Vineyard 
(Table 2.3.). 
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Figure 2.4.: Mean percent of T. obscuratus adults, other thrips species and Terebrantia 
larvae of all thrips captured in green water traps set at 80 cm above ground in the 2004/05 
season at (A) Canterbury House Vineyard and (B)Neudorf Vineyard. Fortnightly sampling 
intervals began at Canterbury House Vineyard on 24.11.2004 and at Neudorf Vineyard on 
2.12.2004. Physiological stages of the grapevine are indicated by FB=full bloom; FS=fruit set; 
BT = berry touch; H=harvest. 
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Table 2.2.: Mean numbers of T. obscuratus, other thrips species and Terebrantia larvae 
caught in green water traps at Canterbury House Vineyard and Neudorf Vineyard in the 
2004/05 season. Fortnightly sampling intervals began at Canterbury House Vineyard on 
24.11.2004 and at Neudorf Vineyard on 2.12.2004. 
T. obscuratus other thrips species Terebrantia larvae 
Sampling Canterbury Neudorf Canterbury Neudorf Canterbury Neudorf time House House House 
1 92 244 4 11 6 17 
2 553 1096 8 31 65 218 
3 121 30 5 5 26 16 
4 9 5 7 5 0 2 
5 5 2 8 4 0 0 
6 15 1 11 9 0 0 
7 2 0 3 1 0 0 
8 1 0 3 3 0 0 
9 0 0 1 0 0 0 
c 
Plate 2.1.: Thrips eggs in stained pedicels of single grape flowers (a and b) and 
dissected out of the pedicel (c). 
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Table 2.3.: Numbers of flowers inspected and numbers of thrips eggs found at Canterbury 
House Vineyard and Neudorf Vineyard and their mean ratio. The Mann-Whitney U-test was 
performed and different letters indicate significant differences between vineyards at P< 0.05. 
Field site No. of flowers No. of eggs 
Canterbury House 105 26 
Neudorf 33 14 
2. 1 O. Discussion 
Mean ratio (± SE) 
0.437 (± 0.79) a 
0.251 (± 0.33) b 
The evidence presented here suggests that T. obscuratus did not effectively reproduce 
in either of the investigated vineyards. Even though appreciable numbers of eggs were 
found in the pedicels of flowers, only relatively low numbers of larvae were detected 
in the green water traps. This result is different to that found in stonefruit orchards. 
Teulon and Penman (1994) reported relatively high numbers of T. obscuratus larvae 
occurring on nectarine and peach flowers after full bloom. However, they collected 
nectarine and peach flowers and extracted thrips adults and larvae by heat. The 
trapping method used in this study accounts only for larvae falling into the trap. This 
method might have' underestimated the total number of larvae present by excluding 
those still on the plant. Nevertheless, observations made on grapevine inflorescences 
during sampling did not indicate higher numbers of larvae directly on the flowers than 
found in the green water traps. The number of larvae found in grapevines can be 
influenced by many factors including weather conditions before and during flowering, 
management practices in the vineyard and the suitability of grapevine flowers for T. 
obscuratus larval development. The presence of adult thrips on grapevines does not 
necessarily indicate that this plant species .is a suitable host plant for this thrips 
species. A plant can be defined as a 'true' host plant if the insect is able to 
successfully reproduce on this plant species (Bernays & Chapman, 1994; Martin & 
Mound, 2004). However, depending on the species, different life stages might require 
different food sources from the same or different plant species (Terry, 1997). In this 
case a host plant can be defined as the plant where a certain life stage feeds and 
continues its development. In the case of T. obscuratus, both the larvae and adults 
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can utilize the same kind of food on the same plant as found in stonefruit, but the low 
numbers of larvae found in grapevines indicate that grapevines may not be entirely 
suitable for larval development. The low numbers of larvae in this study might also be 
a result of other causes such as different weather conditions, especially temperature, 
which can influence larvae development. The temperature optimum for FrankUniella 
occidentaUs larvae is 20-25°C, where time of larval development is about one week. If 
the temperature drops to 15 ° C, the development time increases to about two weeks 
(Lewis, 1997a). Teulon and Penman (1991) found a similar increase in larvae 
development time of T. obscuratus when temperatures drop. The wet and cold spring 
of 2004/2005 may have inhibited or slowed larval development time, potentially 
prolonging it beyond the flowering period of the grapevines. For T. obscuratus, pollen 
and nectar seem to be essential for larval development (Teulon & Penman, 1991) but 
at 20-25°C the flowering time for each grape variety can be shorter than one week. In 
SUb-optimum temperature conditions the flowering times are prolonged but may still 
be less than the development time required by larvae. As flowers disintegrate, larval 
feeding sites become scarce, preventing successful larvae development and resulting 
in larval death (Teulon & Penman, 1994). 
The low numbers of larvae found in the green water traps could explain the absence 
of emerging adults, which may also be because of unsuitable conditions at possible 
pupation sites. Teulon and Penman (1996) found that in stonefruit orchards in 
Canterbury a sharp reduction in adult T. obscuratus numbers in water traps occurred 
when the soil moisture levels were close to zero during parts of December and 
January. Similar low soil moisture levels were observed at Canterbury House Vineyard 
in the 2003/04 season (Appendix 7). Since thrips pupae require humid conditions to 
complete pupation (Teulon & Penman, 1991), low soil moisture may have caused 
increased pupal mortality, accounting for the absence of emerging adults in this study. 
Overall, the results in this and other studies (Teulon et al., 2005; Teulon & Penman, 
1996) indicate that the high number of adults found in the vineyards during flowering 
(Section 1) did not result from breeding populations within the grape flowers but 
rather from sources outside the vineyard. 
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The more rapid decrease in numbers of T. obscuratus adults at Neudorf Vineyard 
compared with Canterbury House Vineyard could be explained by the differences in 
the adjacent landscape of the two regions, as described in Section 1, and the different 
vineyard management practices. In the Motueka region, in which Neudorf Vineyard is 
located, thrips may disperse more readily to exploit the diverse flora in the 
surrounding horticultural crops compared with the Waipara Valley (Canterbury House 
Vineyard), where pasture predominated. Neudorf Vineyard primarily consists of the 
grapevine variety Pinot Noir, which starts flowering before Riesling. Therefore the 
observed patterns could also be due to the flowering sequence of the different 
grapevine varieties at each vineyard. Canterbury House Vineyard has a wider variety 
of grapevine cultivars, including some later flowering varieties, such as Merlot, 
providing a longer period of available food sources compared with Neudorf Vineyard. 
In addition, Neudorf Vineyard itself, has only grasses and weeds between the vine 
rows and these are regularly mowed and therefore do not provide suitable feeding 
sites for flower-feeding thrips. At Canterbury House Vineyard on the other hand, there 
are flowering plants grown between some grapevine rows (see Section 3) to provide 
constant food resources and so encourage natural enemies of the leafroller larvae 
Ep;phyas postv;ttana Walker (Berndt et al., 2006; Scarratt, 2005). These flowering 
plants might also provide some alternative food for thrips after the flowers of the 
grapevines disintegrated. 
In summary, this study indicated that grapevines provided a short-term food source for 
adults but do not appear to fulfil the needs of larvae nor provide suitable pupation 
sites in Nelson or Canterbury. An investigation into the average development periods 
of T. obscuratus in relation to temperature, moisture and plant diversity in and 
around the vineyards might help to clarify the status of grapevines as host plants. 
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SECTION 3 
Movement of Thrips obscuratus between flowering inter-row plants and 
grapevines 
2.12. Introduction 
The movement of insects in search of food sources, mating places, oviposition sites or 
overwintering habitats involves several discrete activities. 'Host plant-finding' usually 
describes their overall movement towards a possible host. When triggered by the 
'correct' stimulus such as odour, the movement of the flying insect is reduced and 
often leads it to land on the selected plant (Edwards & Wratten, 1980). The 
subsequent probing of the plant surface leads to 'host selection', with the insect 
staying or leaving after probing. At some stage, the insect may have to leave the host 
plant, if it becomes unsuitable for the activity for which it was selected, such as 
feeding, mating or oVipositing. In this case, it 'disperses' from the old host plant to a 
new one, still responding to certain stimuli. 'Migration' however is directional 
movement during which the insect ignores any stimuli, such as plant structure or 
odours (Finch, 1986). It is typically an 'evolved adaptation' and is not only a response 
to current adversity (Kennedy & Fosbrook, 1971). 
While in flight, vision and olfactory cues used by insects in their search for suitable 
host plants, differ between insect species in their relative importance and integrated 
uses. Wind tunnel experiments with F. occidentalis indicated that visual cues acted 
for long range orientation in host plant-finding, whereas flower odour acted as a 
'flight inhibitor' which is more likely to be important for the close range host-finding 
process (Teulon et at., 1999). Flower inhabiting thrips species generally seem to 
'prefer' the colour associated with their main host plants (Terry, 1997). For T. 
obscuratus the dominant flower colour in many of its native and introduced host 
plants is white (Teulon & Penman, 1990), which is also the colour of buckwheat and 
alyssum flowers. T. obscuratus appear to remain within the vineyard on the grape 
flowers as long as the nectar and pollen supply lasts and then probably disperses to 
find another flowering, food-providing host plant. 
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In agricultural and horticultural crops, polyphagous flower thrips are likely to inhabit 
flowering plants grown around or between crop plants (den Belder et al., 1999; den 
Belder et al., 2000). In certain crops, these plants are used to enhance biological 
control of insect pests by providing natural enemies with essential nutrients for 
survival and reproduction (Landis et al., 2000; Irvin et al., 2006). Provision of these 
floral resource subsidies has resulted in increased parasitism rates and contributed to 
pest suppression in a number of agro-ecosystems (Gurr et al., 2004). At Canterbury 
House Vineyard in the 2005/06 season, buckwheat (F. escu{entum), alyssum (L. 
maritima) and phacelia (P. tanacetifolia) were grown as inter-row plantings to 
enhance populations of natural enemies because they are known to provided good 
resource subsidies for a variety of natural enemies (Holland et al., 1994; Pickett & 
Bugg, 1998; Landis et al., 2000; Irvin et al., 2006), including the parasitoid 
Dolichogenidea tasmanica Cameron, a natural enemy of larvae of the leafroller, 
Epiphyas postvittana Walker (Scarratt, 2005; Irvin et al., 2006). These flowering plant 
species might function as possible host plants for T. obscuratus adults, which could be 
undesirable if they increased the thrips population in the vineyard, potentially leading 
to increased damage of grapevine flowers. 
The movements of arthropods in agro-ecosystems can be tracked with different 
marking techniques, such as the trace element rubidium. This has been used in mark-
recapture studies from overwintering refuges of parasitoids into adjacent crops 
(Corbett et al., 1996; Pickett et al., 2004) and for intercrop movements of predators 
(Prasifka et al., 2001). It is incorporated into the plant and insect tissue via a 
transport pathway as an analogue of potassi um (Corbett et al., 1996) and does not 
affect the behaviour of many insects, including T. obscuratus (Ellis et al., 1990) in low 
doses (up to 5000 ppm) (VanSteenwyk, 1991; Gu et al., 2001). After being watered 
into the soil or applied as a foliar spray, the element readily replaces potassium in 
biological tissue and is therefore transported into all plant tissues, including pollen 
and nectar (Gu et al., 2001), subsequently labelling any insects that feed on the 
treated plants. The aim of this study was to use rubidium marking to monitor the 
movement of T. obscuratus from the flowering inter-row plant species to the flowers 
of adjacent grapevines. 
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2.13. Materials and methods 
2.13.1. Study site 
The study site was located in a 5 ha Pinot Nair block of 8 year old vines at Canterbury 
House Vineyard, where the entire length (ca 40 m) of inter-row areas were planted 
alternatively either with buckwheat, phacelia, grass or other plants such as plantain, 
or left bare without any plants. Buckwheat and phacelia were sown in 2-m-wide strips 
in the inter-rows, at rates of approximately 80 kg/ha on 8 November 2005 and 45 
kg/ha on 31 October 2005, respectively (Plate 2.2. a and b). The flowering of these 
plants coincided with that of the grapevines. In every second row of this vineyard 
block, alyssum had been sown directly under the vines three years before and had 
grown continually from that time, flowering from early spring to late autumn and re-
seeding itself (plate 2.2. c). The rows selected for this study were at least 50 m apart. 
2.13.2. Application of rubidium chloride and collection of insect and plant material 
At full bloom of the grape flowers (21 December 2005), an aqueous solution of 
rubidium chloride (RbCl) (Meta purity: 99%; Aldrich APL, Illinois, USA) at 2000 ppm was 
sprayed onto the flowering buckwheat, phacelia and alyssum plants using a 20 L 
backpack hand-operated sprayer until droplets of the solution were visible on the 
foliage. The entire width of the inter-row and approximately 50 m of the inter-row 
length, starting from the one end of the row, was sprayed for all three different plant 
species. The application was made during early evening, when the wind speed was low 
enough to prevent spray drift and it was assumed that thrips activity was also low, as 
shown by Kiers et al. (2000) in their study on FrankHniella occidentaUs. 
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Plate 2.2.: Different inter-row plantings at Canterbury House Vineyard (a=phacelia; 
b=buckwheat; c=alyssum) (Courtesy of J.-L. Defour, Canterbury House Vineyard). 
After approximately 20 h, 10 grape inflorescences that contained thrips, taken from 
grapevine rows adjacent to the sprayed inter-row plant species, and 10 inflorescences 
of each sprayed inter-row species that contained thrips were randomly collected and 
each inflorescence carefully placed in a new resealable polythene bag to retain the 
thrips already on the inflorescence. At the same time, three samples each containing 
10 leaves from unsprayed buckwheat, phacelia and alyssum plants and 10 
inflorescences with thrips from each of these plants were randomly collected the 
same way within the same vineyard block to determine background rubidium 
concentrations of the plants and thrips. The bags were stored in a cooler on ice for 
transport and later the same day placed at -20 °C until t he thrips were analysed 
individually for their rubidium content. Before the analysis, five thrips per 
inflorescence were identified using identification keys (Mound & Walker, 1982; Mound 
& Kibby, 1998). From the unsprayed inter-row plants, 20 T. obscuratus adults were 
randomly selected and analysed for background rubidium levels. From the sprayed 
inter-row plants, five individuals per inflorescence were used for the rubidium 
analysis, if the number of thrips per inflorescence exceeded 15, as in the case of 
alyssum. Otherwise all thrips found on the flowers were analysed as in the case of 
buckwheat and phacelia. 
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2.13.3. Sample preparation and rubidium analysis 
Individual T. obscuratus adults were digested using a two-step wet-oxidation method 
as described by (orbett et at. (1996). After digestion, 40 III of each sample was mixed 
with 1560 III of deionised water in a 2 ml sample cup. Volumes of 20 III were 
automatically pipetted by a programmable sample dispenser into a graphite tube and 
the rubidium content of each sample was determined by atomic absorption (AA) 
spectrometry using a GB( Scientific GF 3000 graphite furnace with a PAL 3000 Auto 
Sampler and a rubidium lamp at a wavelength of 780 nm. The program parameters 
were 700 ° ( for 20 s charring and 2500 ° ( for 1 s of atomisation. Quantification of the 
rubidium content for each thrips sample was accomplished using analytical grade 
rubidium chloride standard solutions of 0, 2, 4, 6, 8 and 10 ppb of rubidium, which 
were automatically prepared by the spectrophotometer. Each sample was analysed 
twice and the average of these was recorded as the sample's rubidium concentration. 
A tomato leaf standard (National Institute of Standards & Technology, USA) with a 
known rubidium concentration of 14.89±0.27 mg/Kg was used as a reference for the 
analysis, to ensure the accuracy of the readings. 
The leaf samples collected from the inter-row plant species were dried to constant 
weight in paper bags in an oven at 30-35°( for 2-3 days. The samples were then 
crushed to a fine powder and weighed on a microbalance. If they weighed more then 
0.5 g, a sub-sample of approximately 0.5 g was taken for analysis, otherwise the 
whole sample was used. Each sample was transferred to a 100 ml glass digest tube and 
10 ml of concentrated nitric acid (69%) was added. The tubes were then placed in a 
heating block and heated for 30 min at 40°(, for 2 hours at 80°(, for 2 hours at 125°( 
and then for 2 hours at 140°C. The content of each tube was transferred to a 25 ml 
volumetric flask. Each tube was thoroughly rinsed with deionised water and the rinse 
water added to the flask, which was then topped up with more deionised water to 25 
ml. The samples were transferred to 50 ml plastic conical centrifuge test tubes with 
screw tops and stored at 6 ° ( in a refrigerator until the rubidium analysis. The 
rubidium concentration of the plant material samples was analysed using a flame 
atomic absorption spectrophotometer (GB( Avanta) and standards of 1, 2, 3, 5 and 10 
ppm of rubidium were used to calculate rubidium levels. 
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2.13.4. Data analysis 
The amount of rubidium (Rb) (ng/thrips) found in individual thrips was used to 
calculate 95% confidence intervals for the mean amount of rubidium in 
T.obscuratus per inter-row plant species and grape flower. Confidence intervals that 
did not overlap indicated significant differences between the means. 
2.14. Results 
2.14.1. Background concentrations of rubidium 
The mean (±standard deviation) concentration of rubidium in adult T. obscuratus 
collected from unsprayed plants was 0.31 ± 0.265 ng per thrips (n=20), and per 
kilogram dry weight of unsprayed inter-row plant materials (n=3) was 9.97 ± 6.699, 
10.97 ± 2.653 and 6.32 ± 0.731 mg for buckwheat, phacelia and alyssum, respectively. 
Individual thrips were categorised as 'labelled', if their rubidium levels were greater 
than 1.102 ng (mean concentration of unlabelled thrips + three standard deviations) 
(Corbett & Rosenheim, 1996). 
2.14.2. Labelled insects and plants 
The inter-row plant species were successfully labelled with RbCl 20 h after being 
sprayed, with the mean (±standard deviation) rubidium concentrations per kilogram 
dry weight for buckwheat, phacelia and alyssum being 1785 ± 1059, 2213 ± 1065 and 
4414 ± 2204 mg (n=3), respectively. Overall, thrips collected from the sprayed inter-
row plantings were marked with rubidium but none of the thrips collected from 
grapevine flowers adjacent to buckwheat or phacelia was marked. However, a few 
marked insects were found in grape flowers adjacent to alyssum flowers (Table 2.4.). 
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Table 2.4.: Mean (±SE) amount (ng) of rubidium (Rb) found in individual T. obscuratus 
collected from flowers of the inter-row plant species and the adjacent grapevine flowers 24 h 
after spraying a 2000 ppm RbCl solution onto the inter-row plantings. Also shown are the 
numbers of marked and unmarked thrips «1.102 ng Rb). 
Plant species Mean Rb (±SE) 95% CI1 No. thrips No. thrips 
sampled (ng/thrips) marked unmarked 
Buckwheae 10.17 (±2.4) (5.33; 15.01) 30 9 
Gral2evine 0.25 {±0.03} {0.18; 0.31} 0 39 
Phacelia2 10.06 (±3.9) (-0.94; 21.05) 4 5 
Gral2evine 0.47 {±0.07} {0.32; 0.62} 0 15 
Alyssum 2 4.93 (±0.8) (3.22; 6.62) 39 11 
Gral2evine 0.55 (±0.O6) (0.44; 0.67) 7 43 
'Confidence interval 
2sprayed inter-row planting 
2.15. Discussion 
T. obscuratus is currently considered to be a pest in stonefruit but not in grapevines. 
However, by tracking its movement in an agro-ecosystem more information may be 
obtained about its dynamics and possible negative effects for a crop. In this study, 
results showed that after 20 h, only those grape flowers adjacent to alyssum 
harboured rubidium marked T. obscuratus and it seems that there was no significant 
movement from buckwheat or phacelia to adjacent grape flowers. A possible reason 
could be that the sample size was too small to detect low numbers of T. obscuratus 
moving between the inter-row plant species and the adjacent grapevine or that 20 h is 
too short a time period for a realistic study of thrips movement between different 
food sources. In other mark-recapture studies investigating dispersal of insects, the 
time periods to the first recapture were 2 to 4 days (Gu et al., 2001; Prasifka et al., 
2001). In this study, the sample period of 20 h was chosen, because the distance 
between the sprayed inter-row plant species and the grape flowers was short (ca 1 m) 
and it was feared that after more than one day, the marked insects could have 
dispersed further than the adjacent grapevine row. 
T. obscuratus adults might leave an available food source only when it is declining in 
abundance or quality. This hypothesis was supported by the observation in another 
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field trial (Chapters 3 and 4), where grape flowers were sprayed with a non-persistent 
insecticide, and these plants stayed almost 'thrips-free' during the rest of the 
flowering period, even though neighbouring unsprayed plants harboured many thrips. 
Besides colour, physical attributes such as the structure of the inflorescence, the 
degree of protection for the insect it offers, the presence or absence of hairs as well 
as odours can all influence the selection of a plant as a host. Some studies have 
investigated the influence of colours, odours and plant surface structures on the host-
finding behaviour of thrips (Teulon & Penman, 1992; Teulon et al., 1993; Teulon et 
al., 1999; Hoddle et al., 2002; Berry et al., 2006). Compared to the other two inter-
row plant species, phacelia has a complex inflorescence structure, composed of a 
spike of clustered purple flowers. From its known host species in New Zealand (Teulon 
& Penman, 1990), Teulon & Penman (1992) proposed that T. obscuratus is mostly 
attracted to the colour white, which may account for the higher numbers of thrips 
found in buckwheat and alyssum. It has also been shown that complex surface 
structures can negatively influence the host selection behaviour of thrips (Scott 
Brown, 2006). These flower characteristics of phacelia could be the reason that only a 
few thrips were found on this inter-row plant species compared with the other two 
species. The availability of pollen and the nectar composition can also play an 
important role in determining whether thrips stay on the plant or leave it to look for a 
more suitable food source. These components of host suitability are still poorly 
understood and so far there are no data available for T. obscuratus. Nevertheless, 
Vattala et al. (2006) reported that corolla width and nectar composition of the same 
plant species as used in this experiment influenced the ability of a parasitoid 
biological control agent to access the nectar and its longevity. 
The height and position of the inter-row plant species may have also affected the 
movement of T. obscuratus. Buckwheat and phacelia grew approximately 50 cm in 
height, whereas alyssum grew only ca 15 cm high and was growing directly underneath 
the vines. A few marked T. obscuratus individuals were found on the grape flowers 
above the alyssum, which might indicate that grapevines provided a superior food 
source than alyssum, but their relatively high numbers in alyssum flowers does not 
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support this hypothesis. It is also possible that the proximity of alyssum flowers to the 
grapevine flowers meant that they were easier to reach than from the other two inter-
row plant species, which were planted between the grapevine rows. Very small 
insects, such as thrips are weak flyers and (Bernays & Chapman, 1994) flying only 
upwards into the grapevine canopy above the alyssum plants might have been easier 
than trying to take off from the higher, more structured phacelia and buckwheat 
plants and to direct the flight towards the grapevines growing at either side. 
In a study carried out with Western Flower Thrips (Franklin;e[[a ocddentalis), more 
individuals were found on nectarine and dandelion flowers, placed in vials at ground 
level (25 cm) than on the same flowers placed at higher levels (125 and 225 cm) 
especially in spring (Pearsall, 2000). In the same study, increasing temperature during 
the day and during the season led to the disappearance of this trend. This seems to 
indicate that a preference for flowers at ground levels may occur during low 
temperatures, and might explain any upward movement of thrips later in the day to 
other food sources such as the grape flowers. At the beginning of the experiment it 
was assumed that the foliar spray was most likely to mark thrips externally as well as 
internally and that the concentration in the plants would be similar. After measuring 
the Rb concentration of the three plant species, alyssum plants had a Rb 
concentration twice as high as that found in the two other inter-row plant species. 
However, the mean Rb concentration in T. obscuratus was lowest in insects collected 
from alyssum than those from the other marked host plants. This could be the result 
either of a reduced feeding activity due to this host plant being less suitable than the 
others or that the concentration of Rb in the different plant species may be 
dependent on growth rate and species specific distribution throughout the plant. 
Broadley & Willey (1997) tested 30 different plant taxa for their ability to take up 
radioceasium and the authors showed that there were significant differences between 
plant species. To determine the reason for the different concentrations of Rb found in 
different plant species more research is needed to investigate plant up-take and 
distribution within the plant of this chemical marker. 
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Nevertheless, results of the present study showed that the three inter-row plant 
species and T. obscuratus can be successfully marked with rubidium through a foliar 
application of RbCl solution. However, to determine the patterns of movement of this 
minute insect, further mark-recapture experiments using RbCl should be conducted to 
track spatial distributions from the source over time. 
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CHAPTER 3 
Interactions between Thrips obscuratus and Botrytis cinerea in two 
South Island vineyards 
3.1. Chapter introduction 
B. cinerea causes bunch rot of grapevines, which is a serious disease that can affect 
the quantity and the quality of wine. The fungus is often present in vineyards as part 
of the microflora commonly present on dead and dying plant tissues. Grapevine 
debris, such as necrotic canes, leaves, tendrils and rachides can provide inoculum 
sources throughout the growing season (Seyb, 2004). 
B. cinerea is economically extremely important for the wine industry and can inflict 
heavy crop losses. Grapes affected by Botrytis rot are of low value for making wine, 
not only because of overall weight loss but also because the presence of infected 
berries is detrimental to the fermentation process, flavour and colour of the wine. 
Therefore, considerable efforts are made to protect the grapevines against this 
disease (Elad et al., 2004). 
B. cinerea is a pathogen that causes greatest losses when moist conditions prevail. 
This is because sporulation, conidium germination and infection mostly occur at high 
humidity or when films of water cover plant tissues (Emmet et al., 2003). This broad-
spectrum pathogen can survive and sporulate as a saprophyte on necrotic tissue which 
may be present or near to vineyards. The conidia released into the air currents under 
moist conditions are commonly dispersed by wind and rain, and insects may also have 
a role in dispersal (Holz et al., 2004). 
During flowering, flower debris can provide a good nutrient source for germination of 
conidia, with high levels of damage to flower bunches being reported during unusually 
wet and cool conditions and elongated flowering periods. Under these conditions, up 
to 30% of bunches can be destroyed (Nair & Hill, 1992). Infected flower parts such as 
calyptrae and stamens can also be potent sources of inoculum for invasion of berries 
later in the season if these flower parts become trapped within the developing 
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bunches after dehiscing from the receptacle (Wolf et at., 1997; Elmer &: Michailides, 
2004). 
The epidemiology of B. cinerea has been studied intensively but there are still many 
uncertainties about the infection pathways. Mechanisms of latent infection, for 
example, are not well understood, especially for entry of the fungus into plant tissues 
and the factors that induce quiescence (Viret et al., 2004). Research has shown that 
early infections within the floral tissues may remain latent or symptomless until 
veraison or later, when fungal growth resumes and rotting of the berries occurs 
(Ellisqn et at., 1998). 
Latent B. cinerea has been found primarily in the receptacle area, at the base of the 
stamens (Keller et at., 2003). This area has a very uneven surface with deep crevices, 
and small wounds are often created when the stamens senesce. Conidia are easily 
trapped in this area, and these and other wounds are significant entry points for the 
fungus early in the season, playing an important role in the infection process of B. 
cinerea. Outbreaks of Botrytis rot have been associated with physical damage through 
hail, frost, sunburn and also insect pests' feeding activity. Wounds provide easy access 
to internal tissues and the damaged, necrotic cells may have a lower resistance to the 
pathogen, and additionally provide a nutrient base for further invasion. Insects can be 
considered to playa primary role in disease outbreaks in the field, being either a 
wounding agent and/or a vector of inoculum under conditions generally unfavourable 
for disease development (Holz et al., 2004). 
Insects are known to vector several plant pathogens and affect disease development 
by creating wounds, through which pathogens can enter the host tissue, thereby by-
passing several biophysical and biochemical host barriers. Some of the insect pests 
common on grapevines hiwe been found to vector B. cinerea by either carrying the 
conidia on their body or through ingestion and subsequent faeces deposition on the 
plant (Fermaud &: Le Menn, 1992; Bailey et al., 1997). These authors reported that 
grape berry moth larvae (Lobes;a botrana Den. &: Schiff.) were mainly responsible for 
spreading the disease over short distances such as within bunches or plants. In 
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contrast Louis et al. (1996) reported that conidia of B. dnerea were attached to the 
insect cuticle of the adult fruit fly, Drosophila melanogaster, which flew from bunch 
to bunch increasing dramatically its spread in the vineyard. Therefore, the more 
mobile the insect is, the greater is its potential role in spreading B. dnerea in a field 
situation. 
The endemic thrips species T. obscuratus is the most dominant flower feeding thrips 
species throughout New Zealand and the adults are present in very large numbers on 
grape flowers (Chapter 2). They feed on pollen and nectar and could act as passive 
vectors by carrying B. cinerea conidia on their bodies from contaminated plants to 
new feeding sites, e.g. new uninfected plants. In broad beans and kiwifruit, thrips 
actively influenced the epidemiology of rot caused either by Botrytis {abae or Botrytis 
dnerea respectively. Microscopic examination of the bodies of Thrips spp. and 
isolations of fungi showed that both Botrytis spp. can be carried and spread by thrips 
(Ondrej, 1973; Fermaud & Gaunt, 1995). 
In this study, it was necessary to distinguish the B. cinerea isolate used to artificially 
inoculate the inflorescences from wild type isolates and to track B. dnerea from 
flowering until harvest. The isolate also had to be easy to recover and to quantify in 
samples obtained from the field and greenhouse experiments. Auxotrophic mutants 
can be very successful phenotypic markers. For B. Cinerea, three types of mutants, 
which are unable to utilise nitrate, have been generated (Weeds et al., 1998; Beever 
& Parkes, 2003). 
These are putatively defective in: 
1. the nitrate reductase apoenzyme (nit1) 
2. the molybdenum-containing cofactor pathway (NitM) 
3. a pathway-specific regulatory locus (Nit3) 
The first two types of these nitrate non-utilising mutants, nit1 and NitM, were 
generated from the same parent ascospore isolate, making it possible to perform 
compatibility and complementation tests. The complementation test is performed by 
growing the two mutant isolates together on a special nitrate- deficient minimal agar 
(Appendix 1.1.). Since they came from the same parent, the two isolates can grow 
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intertwined and so compensate for each other's enzyme deficiencies. The result is 
that together they show enhanced growth on the nitrate- deficient minimal medium, 
compared with the sparse growth of the two strains grown separately on the same 
medium (Beever ft Parkes, 2003). Both of these mutants have already been 
successfully used in experiments conducted in the green house and field (Marroni, 
2003; Parkes et al., 2003; Seyb, 2004). 
This chapter provides information about the potential role of T. obscuratus vectoring 
B. cinerea to grapevines, about which little is known, and its overall contribution to 
the amount of Botrytis rot observed at harvest. Information about its role in conidium 
transfer rates, latency and overall disease development can help to establish its 
impact on Botrytis rot in New Zealand vineyards. Behavioural aspects of the insect-
host interaction are described in Chapter 5. 
SECTION 1 
T. obscuratus and B. cinerea infestation of grape flowers in greenhouse 
experiments 
3.2. Introduction 
To overcome difficulties associated with the large size of plants in the field and the 
annual occurrence of the crop, miniaturized plants of the commercially important 
grapevine varieties can be created at any time of the year under controlled conditions 
in the greenhouse, following methods first developed by Mullins and later modified by 
Mullins ft Rajasekaran (1981). The use of these 'Mullins' plants allows year-round 
research on flowering and fruiting of the grapevine. The plants are created from 
cuttings of one to two year old dormant canes, which differ in their growth and 
development compared with well established plants in the field. Nevertheless, they 
provide a good tool for preliminary research under controlled conditions prior to 
conducting similar experiments in the field. 
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The significant role insects play in transmitting some disease-causing agents, such as 
viruses, mycoplasmas and bacteria is mostly well understood, with insects often being 
the only known vectors of specific plant diseases (Webber B: Gibbs, 1989; Elad et at., 
2004). However, information about the interaction between insects and fungal plant 
pathogens is often limited, probably because various aspects of the disease 
development and spread may be influenced by additional abiotic factors such as wind, 
rain and temperature. T. obscuratus has been reported to be a potential vector of B. 
dnerea in kiwifruit (Fermaud et at., 1994; Fermaud B: Gaunt, 1995) and in an earlier 
greenhouse study, there were indications that the presence of T. obscuratus and B. 
dnerea inoculum at full bloom could increase levels of Botrytis rot in harvested grape 
berries compared to B. dnerea inoculum alone (Marroni, 2003). 
The aim of this greenhouse study was to investigate the transfer of B. dnerea conidia 
to healthy, uninfected grape inflorescences by T. obscuratus and the possible 
consequences in terms of the epidemiology and latent infection of the fungus at 
different sampling times and of the proportion of Botrytis rot found at harvest. 
3.3. Materials and methods 
All the greenhouse experiments were done at full bloom (50-70% capfall) using Mullins' 
plants. In all experiments, 10 thrips per inflorescence were used, since a threshold 
experiment done by Marroni (2003) showed no significant difference in the levels of 
berry damage when using more than 10 thrips. 
3.3.1. Production of Mullins' plants 
At the beginning of July in 2004, 200 cuttings each of Pinot Noir, Chardonnay, Pinot 
Gris, Riesling and Sauvignon Blanc, each containing four to six nodes, were cut from 
dormant vines in the main Lincoln University vineyard and from Canterbury House 
Vineyard, Waipara. The canes were stored in new polythene bags (120 em x 60 em) in 
a cold room at 4'C until propagation. However, after normal rooting on a 2ic head 
pad, only Pi not NOir, Sauvignon Blanc and Riesling produced enough plants with 
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inflorescences for the trials. Based on the results of the trials in 2004, only two 
varieties (Riesling and Sauvignon Blanc) were used for the trials in 2005. 
At the beginning of August, the basal bud of each cutting was removed and the 
cuttings were then placed into a tray, containing 1-4 mm pumice granules (Atiamuri 
Sand and Pumice Co.) to a depth of 10 cm. Trays were placed on a heat pad (2i C) in 
an outdoor shade house. The cold air temperature of approximately 10° C prevented 
the buds from bursting, while the warm heat pad facilitated the formation of 
adventitious roots. The pumice was kept moist by spraying with water on alternate 
days. The cuttings were maintained under these conditions for about 5 weeks and then 
carefully removed from the trays for potting. Only cuttings with a minimum of 3 
healthy roots were selected. The selected cuttings were transferred individually to 3 I 
planting bags containing a potting mix (80% composted pine bark, 20% pumice and 
agricultural lime at 1 kg/m 3). The fertilizer added at 2 kg/m 3 was Osmocote Plus (N: 
P: K = 15: 4.8: 10.8, plus trace elements) (Scotts Company, USA). The cuttings of the 
different varieties were planted at two week intervals, starting with varieties that 
flower earliest in the field and ending with the latest. 
The plants were maintained in a greenhouse for further development. The procedure 
of creating Mullins' is described by Mullins & Rajasekaran (1981). When the buds 
initially burst, only those nearest to the top were retained. All the other leaf buds 
were broken off by hand. Once the inflorescence was visible, the leaves basal and 
adjacent to it and the shoot tip were carefully removed with tweezers, as soon as 
they were accessible. This procedure resulted in only one inflorescence per plant at a 
terminal position and no developing leaves to compete for the stored plant resources. 
One lateral shoot was then allowed to grow from one of the axillary buds. This shoot 
provided the leaves that supported the later growth of the bunch. Veraison occurred 
after approximately 12 weeks and ripe fruit was produced 16 to 18 weeks after bud 
burst. 
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3.3.2. Storage and culture of a B. cinerea marker strain 
To be able to distinguish between the inoculum treatment and that from natural 
sources, a nitrate non-utilising mutant of B. cinerea, 879-1 nit1, and its 
complementary strain, 879-8 NitM were used (provided by Dr Ross Beever, Landcare 
Research, Auckland, New Zealand). These strains were stored at S'C in glass vials as 
dried conidia on silica gel and then grown on PDA under a 12 h diurnal light cycle at 
20' C until they sporulated. The strains were then transferred to fresh PDA on which 
they were routinely maintained under the same growth conditions to supply inoculum 
for the experiments. For storage purposes and to provide stock cultures, some cultures 
were maintained for up to 6 weeks in the same Petri dish to produce sclerotia. These 
were then removed and stored in glass vials at S' C. 
3.3.3. Pathogenicity test 
The nitrate non-utilising B. cinerea strain 879-1 nit1, which was to be used as a 
marker strain, was tested for its pathogenicity on grapes. Grape bunches of different 
cultivars (Thomson Seedless and Red Globe) were cut into 12 small bunches of 
approximately eight berries. They were surface sterilized in 1 % sodium hydrochloride 
and rinsed 3 times afterwards with sterile water. Three berries from each bunch were 
wounded with a sterile scalpel by cutting the berry surface and inoculated with dry 
conidia from 14 day old cultures. Six bunches were used for the marker strain, and six 
were without any inoculation and used as a control. These bunches were then 
individually enclosed in plastiC containers, which were lined with moist sterile filter 
paper. High relative humidity was maintained by frequent moistening of the filter 
paper with sterile water. All bunches were incubated at room temperature (20'C) and 
after 3 days were examined visually for B. cinerea growth. If fungal growth occurred, 
samples were taken and identity of the isolates checked by testing against the 
complementary mutant strain 879-8 NitM on modified Vogel'sminimal medium 
(Beever & Parkes, 2003)(Appendix 1.1.). 
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3.3.4. SEM of T. obscuratus adults contaminated with B. cinerea 
In this experiment, the marker strain 879-1 nit1 was used to artificially contaminate 
thrips by placing a sporulating culture plug of the B. cinerea marker strain 879-1 n;t1 
of about 2.5 cm in diameter in the bottom of a vial followed by 10 T. obscuratus 
adults, which were left in the vial for approximately 24 h. The thrips were then killed 
by placing the opened vial directly above evaporating liquid nitrogen and they were 
then mounted onto copper stubs with double-sided sticky tape. This process was not 
expected to remove the conidia from a thrips body. In total, 30 thrips (10 on each 
copper stub) were mounted, coated with gold in a sputter coater (Polaron 5000) and 
examined with a LEICA S440 scanning electron microscope (SEM) operating at 5.0 kV 
(Leica Micro-Systems Inc., illinois, USA). 
3.3.5. Tunnel experiment 
To demonstrate the capacity of T. obscuratus to transfer B. cinerea conidia from 
infected to uninfected grape flowers, an experiment was set up in the greenhouse. 
Healthy, uninfected Riesling inflorescences were cut from Mullins' plants and the 
whole stems were quickly immersed in water, to prevent air getting into the xylem 
and phloem system. Under water, the inflorescence stem was then re-cut before 
transferring it to an Erlenmeyer beaker. The inflorescence was held in place by 
Parafilm stretched over the neck of the flask and then placed in an insect rearing 
cage. The cage was made from Plexi-glass, measured 30 cm x 40 cm x 30 cm and was 
sealed with silicon. The access window was sealed with magnetic strips. This cage was 
connected with a 20 cm long tunnel of the same material to a second rearing cage of 
the same kind (Figure 3.1.). The edges around the tunnel were also sealed with silicon 
to prevent any insects from escaping. The amount of air in the cages was enough for 
the duration of the experiment and the tunnel was sealed off with foam plugs at both 
ends. Five small plugs of ca 1.5 cm diameter cut from a sporulating culture of the B. 
cinerea marker strain 879-1 nit1 were placed on the inflorescence and 20 thrips were 
introduced to the infected flower by releasing them carefully out of a glass vial. After 
approximately 24 h, another inflorescence (destination inflorescence), retrieved the 
same way as the first one, was placed in the second insect rearing cage. The foam 
78 
plugs were removed to allow the thrips to move from the first cage to the second. To 
enhance movement from the infected to the uninfected inflorescence, the first cage 
was covered with a black plastic sheet, enhancing the movement of the thrips along 
the light gradient towards the new uninfected inflorescence. After three days, two 
different assessments were carried out: 
1. moist incubation of the destination inflorescence (six replicates) to assess 
percentage of flower rot, 
2. assessing the washing solution of the destination inflorescence (nine 
replicates) to assess the number of conidia deposited. 
In the first assessment, each destination inflorescence was removed and placed onto 
moist paper towel in a sealable plastic container and incubated at room temperature 
for 7 days. The inflorescence was visually examined for the percentage of total flower 
rot and the percentage of sporulating B. cinerea was recorded. A complementation 
test was then carried out as described in Section 3.3.7.1. to identify the B. cinerea 
strain involved in the infection. In the second assessment, each destination 
inflorescence was removed and washed in an Erlenmeyer flask containing 20 ml 
distilled water and 0.01% Triton X 100 (Labchem; Ajax Finechem, Australia), shaken 
for about 5 min on an orbital shaker at 160 rpm (Orbital Shaker SS70 Chil tern 
Scientific, Brisbane, Australia) to dislodge conidia from the destination inflorescence. 
A 0.1 ml aliquot was then plated onto Petri dishes containing a B. cinerea selective 
medium (Edwards & Seddon, 2001) (Appendix 1.2.) and incubated at room 
temperature in the dark for 7-10 days. The number of B. cinerea colonies (colony 
forming units - cfu) was recorded. 
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Figure 3.1.: Cage set-up for the tunnel experiment. Each cage was 30 cm x 40 cm x 30 cm. 
The tunnel was ca 20 cm long and of the same material as the cages. 
3.3.6. Greenhouse experiment 2004/05 
During the experiment, all Mullins' plants of the cultivars Pinot Noir, Sauvignon Blanc 
and Riesling were kept in the same greenhouse as that used to grow them. To ensure 
that no thrips or other insects were present at the start of the experiment, 
inflorescences were fumigated approximately 16 h beforehand with diethyl ether. To 
kill all insects in each inflorescence, a cotton ball of approximately 5 cm diameter 
soaked with the chemical was placed in a plastic bag, which was carefully placed 
around the inflorescence and held tightly in position for about 1 min. After 5 
inflorescences were treated that way, a new cotton ball and bag was used. Flowers 
from broom, gorse and rose, which contained thrips, were collected from around the 
Lincoln University campus into a sealable plastic container. They were then stored in a 
cold room at 10· C for less than 24 h until use. Before thrips were used in the 
experiment, they were put 10 at a time into clean sealable glass vials. This was done 
in the same cold room as used for storage to ease the handling of the insect. 
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Four different treatment combinations were used per grapevine variety: 
1. T. obscuratus / no B. cinerea 
2. no T. obscuratus / B. cinerea 
3. T. obscuratus / B. cinerea 
4. no T. obscuratus / no B. cinerea 
In the first treatment, only thrips were introduced to the inflorescence by first 
releasing them out of the glass vial into the bottom part of a silk bag (Silk Raj, 
average pore size 17 ~m, Wales and McKinlay Ltd, Auckland), where they were 
confined by tying that part of the bag tightly with a thread. The bag was then tied 
carefully around the inflorescence with an elastic thread. In the second treatment, 
conidia of the marker strain of B. cinerea were dusted onto the inflorescence, which 
then was also enclosed within a silk bag. To imitate the occurrence of both thrips and 
B. cinerea on the inflorescence (Treatment 3), a disc of the sporulating marker strain 
of approximately 2.5 cm diameter was placed in the bottom of the glass vial prior to 
introducing thrips into the glass vial. After approximately 4 h, only the thrips were 
transferred to the lower part of the silk bag as described above. As a control 
(Treatment 4), an empty silk bag was placed around the inflorescence. To avoid 
damage to the inflorescences, the bases of the silk bags were attached to bamboo 
sticks to support them. The un-inoculated plants were placed on tables at the front of 
the greenhouse and the inoculated ones at the back of the greenhouse, to avoid cross 
contamination as the ventilation system moved air from front to back. The tables 
were ca 2 m apart from each other and on each table the different grapevine varieties 
and relevant treatments were arranged randomly. Each potted plant was ca 20 cm 
from the next one in each direction. 
After 7 days, the bags were carefully removed and all thrips, adults and larvae, dead 
and alive, were counted for each bunch. If live thrips were found they were killed 
immediately by hand to avoid any further damage to the grape berries. During the 
entire run of the experiment, plants were inspected weekly for the presence of thrips. 
If thrips were found they were killed immediately by hand. During this season, no 
application of either fungicide or insecticide was necessary. 
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3.3.7. Greenhouse assessment 2004/05 
3.3.7.1. Inddence of B. dnerea on berries 
From a week after the silk bags were removed, which corresponded to the fruit set 
stage, samples were taken every three weeks until harvest (five times in total). At 
every sampling date, 10 berries were selected randomly from each of two randomly 
selected bunches per treatment and variety, and the stem carefully cut with scissors 
just above the pedicel. They were placed individually in new, sterile plastic bags and 
frozen for 4 hat -20·C to break down the berry tissue and components, which could 
inhibit the growth of B. dnerea (Holz et al., 2003). The berries were then surface 
sterilized with a 1% sodium hypochlorite solution for 3 minutes, rinsed three times 
with sterile water and air dried. The berries were randomly divided in two groups, 10 
berries in each, representing agar and moist incubation methods. The 10 berries for 
the agar incubation method were cut in three portions (pedicel, receptical + 1/3 berry 
and 213 berry), to investigate the places where latent infection is thought to occur 
(Holz et al., 2003). The portions were placed on PDA plates and incubated at 20·C 
under a 12 h diurnal light regime for 7 days. The 10 berries for the moist incubation 
method were placed individually on moist sterile filter paper in a deep Petri-dish and 
incubated at room temperature (20·C) for 7 days and the filter paper moistened with 
sterile water when necessary. 
Individual berries and berry portions with obvious fungal growth were examined by 
stereo microscope and identified B. dnerea isolates were transferred repeatedly to 
plates containing PDA and Triton X 100 and incubated as before, until clean cultures of 
the B. dnerea isolates were obtained. Complementation tests of the isolates were 
then carried out as described by Marroni (2003) to determine whether the isolates 
were of the marker strain used or a wild-type of B. dnerea. For each sporulating 
culture, a conidial suspension was obtained by flooding the plate with a 0.01 % Triton X 
100 solution and rubbing with a sterile metal rod to dislodge the conidia. Petri dishes 
containing the Vogel's minimal medium (Appendix 1.1.), were each inoculated 
equidistantly in three positions with 20 ~l drops of the relevant conidium suspension: 
1) the isolate; 2) B. dnerea mutant strain 879-8 NitM; and 3) both together. The 
plates were then allowed to dry for ca 20 min in a laminar flow cabinet, before they 
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were incubated for 4-6 days at 20 0 C in a 12 h diurnal light regime. The isolates were 
visually scored as B. cinerea marker strain 879-1 nit1 if they produced small, very 
sparse colonies from isolate only inoculation, but thick, dense colonies when 
complemented with the B. cinerea mutant strain 879-8 NitM. Isolates of wild-type B. 
cinerea produced dense thick colonies on this agar on their own, with no need for 
complementation (Plate 3.1. a + b). 
StatisticaL anaLysis 
Many of the treatment x sampling time combinations in both agar and moist 
incubation methods showed no B. cinerea as being present at all. Consequently the 
presence of B. cinerea on individual berries could not be analysed using the 
generalised linear model's maximum likelihood approach. Instead, a summary table 
was formed to show the percent infected berries for each treatment and sampling 
time combination. 
isolate 
B. cinerea 
mutant strain 
879-8 NitM 
together 
Plate 3.1.: Wild-type B. cinerea (a) and the B. cinerea marker strain 879-1 nit 1(b) after the 
complementation test with the complementary B. cinerea mutant strain 879-8 NitM. 
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3.3.7.2. Staining of berry and pedicle Ussue 
To investigate the sites and types of fungal structures involved in latent infection, an 
additional five berries were collected randomly from two randomly selected bunches 
per treatment and variety as described above, at the same sampling times except 
harvest, and these were stained and cleared as described by Bruzzese and Hasan 
(1983). The berries were cut in three pieces as before and immersed in the staining 
solution in glass vials for 48 h at room temperature. These pieces were then removed, 
placed for 12 -24 h in a concentrated chloral hydrate solution (clearing solution) and 
rinsed by placing them in a beaker filled with distilled water with shaking for 1 
minute, and this was repeated three times. The berry portions were then sliced in fine 
segments of ca 3 mm thickness with a scalpel and mounted on microscopic slides for 
microscopic observation. Due to time limitations, the presence of conidia and 
mycelium growth per berry was recorded in categories, which reflect an estimate of 
fungal structures found and not exact numbers (O=none; 1 = very few; 2=few; 3=some; 
4= many). 
Statistical analysis 
Category scores were very low with many of the treatment x sampling time 
combinations showing no conidia or mycelium growth. Statistical analysis was deemed 
inappropriate and the data is summarised in a table showing the mean score (over 5 
berries) for each treatment x sampling time combination. 
3.3.8. Greenhouse experiment 2005/06 
The trial layout was changed from that in the 2004/05 season, to reduce cross 
contamination, increase replication and improve the handling of the plants and 
insects. Based on the observations and results from the previous season (2004/05), 
where the dusting of B. dnerea conidia onto the grape flowers seemed to result in 
much higher levels of inoculum on the inflorescence in the B. dnerea treatment 
without thrips, compared with the combined treatments of thrips and B. dnerea, the 
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application of B. cinerea conidia was altered so that the same method of applying 
inoculum was used in the B. cinerea treatments with and without thrips. 
During the experiment, all plants were moved from the greenhouse of their earlier 
growth phase to another greenhouse, which was divided in the middle with a clear 
plastic sheet. The sheet functioned as an additional wall, which divided the 
greenhouse in exactly two equal size chambers. The sheet was held to the roof and 
sides of the greenhouse with strong adhesive tape and weights on the bottom ensured 
that it moved very little. The B. cinerea inoculated plants were placed on tables on 
one side of the dividing sheet and the un-inoculated ones were placed on tables on 
the other side to avoid cross contamination. The different tables were ca 1 m apart 
from each other, and on each table the differen grapevine varieties and relevant 
treatments were arranged randomly, ca 20 cm apart from the next one in each 
direction. 
Fumigation of inflorescences approximately 16 h beforehand with diethyl ether and 
collection and storage of thrips was carried out as described previously, except that 
the thrips and/or B. cinerea inoculum plugs were put into plastic vials rather than 
glass vials. The same treatments were used as in the first season but the closed vials 
were hung beneath the inflorescences with a fine wire, the silk bag then being drawn 
over the whole inflorescence and the vial. The bag was carefully tied to the 
inflorescence stem and the edges tightly sealed around the stem with Parafilm. The 
cap of each vial was carefully removed by handling through the silk and left in the 
bag. This method allowed less handling of the thrips and was considered less stressful 
to them. 
After 7 days, the bags were carefully removed and all the thrips, adults and larvae, 
dead and alive, were counted for each bunch to determine how many had survived the 
treatment and whether they stayed in the bag during the 7 days. If live thrips adults 
or larvae were found they were killed immediately by hand. Some of the live larvae 
were put directly into sealable glass vials containing 95% ethanol for later DNA 
sequencing (Chapter 6). During the entire run of the experiment, plants were 
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inspected weekly for the presence of thrips. If thrips were found they were killed 
immediately by hand. During this season, one application of the fungicide Bayleton® 
125 (Bayer) was necessary for powdery mildew control. The fungicide had been tested 
against the B. cinerea marker strain 879-1 njt1 to make sure it did not affect it 
(Appendix 8). 
3.3.9. Greenhouse assessment 2005/06 
3.3.9.1. Treatment effects on bunch and berry attributes 
Sampling of berries and bunches occurred at the same time intervals as described in 
the greenhouse experiment 2004/05 (Section 3.3.7.), except that eight bunches were 
randomly collected from every treatment and variety at every sampling date. The 
bunches were carefully removed with scissors close to the stem and placed 
individually in new, sterile plastic bags. Bunches were weighed and the berries per 
bunch counted. Five berries were then randomly selected from the middle of each 
bunch, cut with a scalpel just above the pedicel and weighed. They were then 
surface-washed by placing them in beakers with sterile water and shaken for 1 minute 
by hand. Each berry was placed in a deep Petri dish, lined with moist sterile filter 
paper. The rest of each bunch was enclosed in a plastic container lined with moist 
paper towels. Containers of berries and bunches were placed at 
-20"C for ca 4 h, and then incubated at room temperature (20"C) for 7 days. The 
severity of rot on individual berries and bunches was determined by estimating the 
percent of total rot and Botrytis rot per berry and bunch (Balasubramaniam et al., 
1993) by microscope observations. The incidence of B. cinerea marker strain 879-1 
njt1 was determined by isolating one pure culture of B. cinerea from each berry or 
bunch, and testing the resulting isolate with the complementary strain as described 
before (Section 3.3.7.1.). 
StaUstical analysis 
Because it was not known if the different varieties used in this study might show 
different results for each experiment, data of each variety was analysed separately. 
Furthermore, since plants without B. cinerea inoculum had to be completely 
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separated in the greenhouse from those with B. cinerea inoculum to avoid cross 
contamination, it was not possible to replicate and completely randomise the 
positions of the "with and without B. cinerea" treatments within the greenhouse. As it 
was considered inadvisable to ignore this (A. Lister pers. comm. 2006), separate 
analyses were carried out to examine the effect of thrips and sampling time: one for 
those plants where B. cinerea inoculum was not applied (without B. cinerea) and the 
other considering only those plants where B. cinerea inoculum was applied (with B. 
cinerea). 
For data of bunch weight, mean berry weight, number of berries per bunch, percent 
total rot and percent B. cinerea rot the effects of thrips and of sampling time were 
investigated using Analysis of Variance (ANOVA) (Genstat 8.2). Where necessary, data 
were transformed to satisfy the ANOVA assumptions. Presence of the B. cinerea 
marker strain 879-1 nit1 on grape bunches was denoted by zero (absent) or one 
(present) and a General Linear Model (Genstat 8.2) with binomial errors and a logit 
link was used to analyse this data. Many of the treatment x sampling time 
combinations showed no B. cinerea as being present at all after incubation. 
Consequently the presence of B. cinerea on individual berries could not be analysed 
using the generalised linear model's maximum likelihood approach. Instead, a 
summary table was formed to show the percent infected berries for each treatment 
and sampling time combination. 
3.4. Results 
All tables and figures presented in the Appendix are labelled using the form, Table 
Ax.y. and Figure Ax.y. 
3.4.1. Pathogenicity test 
After three days all the wounded, inoculated berries showed fungal growth, but none 
of the wounded un-inoculated berries did. From the complementation test, all 
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isolated fungi from the infected berries were identified as the B. cinerea marker 
strain 879-1 nit1. 
3.4.2. SEM of T. obscuratus adults exposed to B. cinerea conidia 
SEM showed many conidia distributed all over the cuticle of adult T. obscuratus (Plate 
3.2. a). The conidia were mostly trapped between the cilia on the wings and attached 
to the numerous setae of the body (Plate 3.2. b), around the mouthparts (Plate 3.2. c) 
and on the last abdominal segment around the ovipositor (Plate 3.2. e). Fewer conidia 
were observed on the mostly smooth surface of the thorax and abdomen (Plate 3.2. 
d). 
3.4.3. Tunnel experiment 
The first assessment method showed that most of the destination inflorescences 
incubated under moist conditions developed high percentages of flower rot, almost 
half of which was caused by B. cinerea (Table 3.1.). The B. cinerea infection of almost 
all destination inflorescences (5 out of 6) was caused by the B. cinerea marker strain 
879-1 nit1. In the second assessment method, the numbers of B. cinerea conidia 
deposited by thrips onto the destination inflorescence were assessed as colony forming 
units (cfu). On the selective medium, B. cinerea colonies were clearly visible, 
changing the colour of the medium from pink to brown (Figure 3.2). On average 800 
cfu per destination inflorescence were counted. 
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Plate 3.2.: Scanning electron microscopy images of an adult T. obscuratus covered in B. 
cinerea conidia. (a) Head and thorax (bar= 30 ~m); (b) upper body with folded wings (bar= 10 
~m); (c) head with mouthparts (bar=10 ~m); (d) underside of abdomen (bar= 10 ~m); (e) last 
body segments with ovipositor (bar= 10 ~m). 
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Table 3.1.: Efficacy of thrips to transfer B. cinerea conidia as shown by the mean percent of 
flower rot and B. cinerea rot on the destination inflorescences, as well as the mean number of 
inflorescences infected with the B. cinerea marker strain 879-1 n;t1 (nit) and the mean 
number of cfus from destination inflorescence washings plated on selective medium. 
no. of destination 
inflorescences 
6 
9 
% flower 
rot 
88 
% B. cinerea 
rot 
35 
no. of inflorescences 
with nit 
5 
Figure 3.2.: Colonies of B. cinerea (brown) on selective medium. 
3.4.4. Greenhouse assessment 2004/05 
3.4.4. 1. Incidence of B. cinerea on berries 
B. cinerea 
propagules 
(cfu)/inflorescence 
800 
The agar incubation method was used to identify B. cinerea infection from young 
berries, which might not support good fungal growth, but also to identify areas of 
latent infection. Unfortunately, the incubation time of 7 days was often too long, to 
show from which of the berry pieces the fungal growth on the plates originated. 
Therefore only the total numbers of infected berries are presented. 
Artificial inoculation of the flowers with the B. cinerea marker strain 879-1 nit1 
caused greater B. cinerea incidence in the B. cinerea treatment compared with the T. 
obscuratus + B. cinerea treatment, means being 29.3% and 14.2% respectively of all 
berries in all varieties and sampling times (Tables 3.2.and 3.3.). Overall the mean 
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incidence of all B. cinerea infections on the moist-incubated berries tended to be 
greater than that on the agar isolations being 18.83% and 14.25% of all berries 
respectively (Tables 3.2.and 3.3.). However, for the B. cinerea marker strain 879-1 
nit1, mean incidence was slightly less for moist incubation than agar isolation in the T. 
obscuratus + B. cinerea treatment being 11.50% and 12.83% of all berries respectively. 
In general, B. cinerea incidence was highest in Riesling and lowest in Pi not Noir with 
overall mean incidences of 22.75% and 11.56% respectively. In Riesling, the B. cinerea 
treatment caused infections at all sampling times. Overall, the percent of berries 
infected with B. cinerea was greatest at veraison and harvest and lowest at fruit set. 
Cross contamination between inoculated and uninoculated treatments was relatively 
low, with mean incidences of B. cinerea marker strain 879-1 nit1 being 5.83% and 
7.92% respectively, in un-inoculated T. obscuratus and control treatments. The mean 
percent of all berries infected with wild isolates of B. cinerea and not with the B. 
cinerea marker strain 879-1 nit1 was only 3.54%. A higher percent of wild isolates of 
B. cinerea was more often detected in the uninoculated than in the inoculated 
treatments (Tables 3.2. and 3.3.). 
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Table 3.2.: Results from agar incubation of berries from the greenhouse experiment 2004/05, when T. obscuratus and B. cinerea 
were introduced to grape inflorescences, showing B. cinerea infection incidence (%) on berries (out of 10 berries per treatment) 
infected with B. cinerea (Be), the B. cinerea marker strain 879-1 njt1 (nit1) and overall wild type isolates (wild). 
Agar 
-
Fruit set Pea size Berry touch 
" 
Variety Treatment Be nit1 Be nit1 Be nit1 
Control - * - - -
Pinot Noir T. obscuratus # 20 - - -
B. cinerea 30 20 10 10 
T. obscuratus 20 10 10 
+ B. cinerea -
Control 10 10 - - - -
Sauvignon T. obscuratus - - - - - -
Blanc B. cinerea - - 10 10 10 10 
T. obscuratus 
- - - - - -
+ B. cinerea . 
Control - - - - - -
Riesling T. obscuratus - - 10 10 - -
B. cinerea 20 20 40 40 50 50 
T. obscuratus 10 10 20 20 
+ B. cinerea - -
Mean 3.75 3.75 12.5 7.50 8.33 8.33 
-
* (-) indicates 0% berries infected 
#Field work at the same time prevented sampling of berries at fruit set in Pinot Noir 
'" tv 
Veraison Harvest Mean 
Be nit1 Be nit1 Be nit1 
10 - - - 2.50 0.00 
- - - - 5.00 0.00 
10 10 30 30 20.00 17.50 
- - - - 7.50 2.50 
40 30 10 10 12.00 10.00 
30 20 20 20 10.00 8.00 
30 30 50 50 20.00 20.00 
30 30 40 40 14.00 14.00 
30 30 20 10 10.00 8.00 
40 20 - - 12.00 6.00 
50 50 40 40 40.00 40.00 
50 50 30 30 22.00 22.00 
26.67 22.50 20.00 19.17 14.25 12.25 
--
---- --- ------ '-', 
wild 
2.50 
5.00 
2.50 
5.00 
2.00 
2.00 
0.00 
0.00 
2.00 
6.00 
0.00 
0.00 
2.00 
Table 3.3.: Results from moist incubation of berries from the greenhouse experiment 2004/05, when T. obscuratus and B. cinerea 
were introduced to grape inflorescences, showing B. cinerea infection incidence (%) on berries (out of 10 berries per treatment) 
infected with B. cinerea (Bc), the B. cinerea marker strain 879-1 nit1 (nit1) and overall wild type isolates (wild). 
Moist 
Fruit set Pea size Berry touch 
Variety Treatment Be nit1 Be nit1 Be nit1 
Control 30 10 - -
Pinot Nair T. obscuratus # 20 - 10 -
B. cinerea 20 - 30 30 
T. obscuratus 10 20 10 
+ B. cinerea -
Control 10 -* - - 10 -
Sauvigno T. obscuratus - - - - - -
n Blanc B. cinerea 20 10 20 20 20 20 
T. obscuratus 20 10 
+ B. cinerea - - - -
Control 10 10 - - - -
Riesling T. obscuratus 20 - - - 10 10 
B. cinerea 50 10 40 40 50 50 
T. obscuratus 10 10 10 10 
+ B. cinerea - -
Mean 17.5 6.25 11.67 5.83 13.33 10.83 
* (-) indicates 0% berries infected 
#Field work at the same time prevented sampling of berries at fruit set in Pinot Nair 
'" w 
Veraison Harvest Mean 
Be nit1 Be nit1 Be nit1 wild 
10 - 30 20 17.50 7:50 10.00 
- - 20 20 12.50 5.00 7.50 
20 20 10 10 20.00 15.00 5.00 
- - - - 7.50 2.50 5.00 
40 40 30 20 18.00 12.00 6.00 
20 20 20 10 8.00 6.00 2.00 
30 30 50 50 28.00 26.00 2.00 
30 30 20 20 14.00 12.00 2.00 
40 30 20 10 14.00 10.00 4.00 
50 40 
- - 16.00 10.00 6.00 
60 60 40 40 48.00 40.00 8.00 
60 60 20 20 20.00 20.00 0.00 
30.00 27.50 21.67 18.33 18.83 13.75 5.08 
3.4.4.2. Staining of berry and pedicle tissue 
The conidia found on the stained berry pieces were in form and shape similar to those 
of B. cinerea, and in a few cases mycelium growth was detected (Plate 3.3. a). 
General observation suggested that conidia and mycelium were mainly found in the 
receptacle area (Plate 3.3. a and b). 
Plate 3.3: Light micrograph of (a) mycelium growth and (b) a germinating fungi spore in the 
receptacle area of a berry at pea-size (40X magnification). 
In all varieties and treatments, the numbers of conidia found were generally higher in 
the earlier sampling times than the later ones (Table 3.4.). In all three varieties, 
inoculation with conidia of the B. cinerea marker strain 879-1 nit1 resulted in higher 
conidium counts than in the control and T. obscuratus t reatment, and these were 
highest at fruit set and pea size for Pinot Noir and Sauvignon Blanc, but not for 
Riesling, in which the numbers remained relatively constant. Conidium numbers in this 
assessment did not reflect the overall trends detected in the incidence assessment 
(Section 3.4.4.1.). In fact, the greatest incidence of conidia occurred in Pinot Noir 
(Table 3.4.), which had the lowest incidences of B. cinerea in both incubation 
methods (Tables 3.2. and 3.3.). 
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Table 3.4.: Mean categories of conidium occurrence on berries of three grapevine varieties at 
different sampling times in the greenhouse experiment 2004/05 with or without T. obscuratus 
and/or B. cinerea. (Categories: O=none; 1 =very few; 2=few; 3=some; 4=many) 
Sampling time 
Variety Treatment Fruit set Pea-size Berry touch veraison Mean 
Control 1.9 1.3 1.0 1.8 1.5 
T. obscuratus 2.0 1.3 1.2 2.4 1.7 
Pinat Nair B. cinerea 3.0 3.3 1.2 1.2 2.2 
T. obscuratus 3.0 1.8 1.8 2.6 2.3 
+ B. cinerea 
Control 1.4 1.2 1.4 0.2 1.1 
Sauvignan T. obscuratus 0.4 2.0 1.0 1.0 1.1 
Blanc B. cinerea 2.4 2.4 0.6 0.8 1.6 
T. obscuratus 1.8 3.0 0.6 0.6 1.5 
+ B. cinerea 
Control 1.8 0.8 0.8 0.8 1.1 
T. obscuratus 1.8 1.6 1.6 0.4 1.4 
Riesling B. cinerea 3.0 2.0 2.0 2.0 2.3 
T. obscuratus 1.8 1.8 2.8 1.2 1.9 
+ B. cinerea 
Mean 2.0 1.9 1.3 1.3 1.6 
Mycelium growth was detected in only a few cases (Table A2.1.), with none detected 
at fruit set in all varieties and none at all sampling times in Sauvignon Blanc. The 
highest score of mycelium growth (1.4) was observed at veraison in Pinot Noir in the 
B. cinerea treatment. The B. cinerea and T. obscuratus+ B. cinerea treatments 
generally had higher total scores of mycelium growth over the whole season compared 
with the control and T. obscuratus treatments, with the B. cinerea treatment having a 
higher score than the T. obscuratus + B. cinerea treatment (Table A2.1.). 
3.4.5. Greenhouse assessment 2005/06 
In this section, figures and tables are only presented if analyses were significant or 
they show important trends. All other figures and tables are listed in the appendices, 
indicated by the / A' in front of the figure or table number. 
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3.4.5.1. Treatment effects on bunch attributes 
The lowest overall mean weight and berry number was recorded in the T. obscuratus + 
B. cinerea treatment in Riesling (Table 3.5.) but there were no significant differences 
in bunch weights and berry numbers. In general, the mean numbers of berries per 
bunch were quite similar in all treatments and at all sampling times for both varieties 
(Tables 3.5. and 3.6.; Figures A2.3. and A2.4.). 
Table 3.5: Main bunch attributes of two varieties in the greenhouse experiment 2005/06. Data 
show main effects of thrips (means) in the presence or absence of B. cinerea inoculum. (Bc=B. 
cinerea, LSD=Least significant difference at P<0.05; resid.=residuals; d. f.= degree of freedom) 
Variety Treatment Log10 Weight No. of berries % Total rot % Bc (g) 
Control 1.55 (46.19)* 
T. obscuratus 1.53 (43.97) 
LSD (resid. d.f.=66) 0.08 
Riesling B. cinerea 1.55 (48.01) 
T. obscuratus 1.46 (40.61) 
+ B. cinerea 
LSD (resid. d.f.=69) 0.09 
Control 1.35 (45.57) 
T. obscuratus 1.51 (50.00) 
LSD (resid. d.f =65) 0.21 
Sauvignon 
Blanc B. cinerea 1.57 (48.80) 
T. obscuratus 1.60 (55.88) 
+ B. cinerea 
LSD (resid. d.f =63} 0.09 
*back-transformed means in parentheses 
81.91 
77.19 
10.17 
74.40 
64.98 
11.44 
65.20 
73.32 
13.69 
69.31 
80.68 
12.44 
39.61 
43.16 
10.18 
48.34 
50.63 
10.08 
31.54 
22.07 
6.93 
41.83 
42.20 
9.21 
0.71 
2.62 
1.71 
7.65 
23.35 
9.04 
2.05 
0.94 
1.99 
10.13 
19.24 
7.99 
Over the course of the experiment, the overall mean weight of bunches collected from 
Riesling and Sauvignon Blanc increased, as .expected, from fruit set to harvest in all 
treatments (Table 3.6. ; Figures A2.1.and A2.2.). The change of weight of bunches 
over time was significant (Time P<O.001) for both varieties in all treatments but the 
presence of thrips did not significantly influence the overall weight gain (Table A2.2.). 
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Table 3.6: Main bunch attributes of two varieties in the greenhouse experiment 2005/06. Data 
show main effects of sampling time (means) in the presence or absence of B. cinerea 
inoculum. (Bc==B. cinerea, LSD==Least significant difference at P<0.05; resid.=residuals; d. f.= 
degree of freedom) 
Variety Treatment Sampling time Log1o Weight No. of berries % Total rot % Be (g) 
Fruit set 1.07 (11.75)* 77.30 48.50 1.13 
Pea-size 1.39 (24.55) 76.90 59.70 2.38 
Without Berry touch 1.60 (39.81) 74.00 47.40 2.63 
B. cinerea Veraison 1.77 (58.88) 90.00 32.00 0.27 
Harvest 1.86 (72.44) 76.60 19.20 1.93 
LSD 0.13 16.08 16.09 2.71 
Riesling 
(resid. d.f.==66) 
Fruit set 1.03 (10.79) 69.10 57.20 15.10 
Pea-size 1.44 (27.35) 74.90 75.60 27.60 
With Berry touch 1.45 (28.38) 65.70 58.70 9.90 
B. cinerea Veraison 1.66 (45.29) 59.80 32.20 13.60 
Harvest 1.95 (88.92) 78.90 23.80 11.40 
LSD 0.16 18.09 15.93 14.29 (resid. d.f.=69) 
Fruit set 0.62 (4.17) 54.10 35.40 0.00 
Pea-size 1.19 (15.60) 67.70 29.90 0.00 
Without Berry touch 1.62 (41.98) 71.10 31.30 0.79 
B. cinerea Veraison 1.88 (76.03) 80.40 9.10 0.13 
Harvest 1.85 (70.31) 73.00 28.40 6.56 
LSD 0.34 21.65 10.96 3.14 
Sauvignon (resid. d.f.=65) 
Blanc Fruit set 0.96 (9.16) 73.90 61.80 20.00 
Pea-size 1.45 (28.05) 70.60 48.80 14.70 
With Berry touch 1.73 (54.20) 80.50 41.90 7.00 
B. cinerea Veraison 1.88 (75.34) 87.10 22.50 13.20 
Harvest 1.91 (80.72) 79.80 36.70 17.80 
LSD 0.14 19.67 14.56 12.64 {resid. d.f.=63} 
*back-transformed means in parentheses 
The total rot observed on bunches after the incubation was due to B. cinerea and 
other fungi, e.g. Pen;cillium spp., Cladospor;um spp. and AspergWus spp. In both 
varieties, the mean percent total rot decreased in all treatments from fruit set to 
harvest, which was opposite to the trend observed in the first season (2004/05) 
(Figure 3.3. and Table 3.6.). The change in mean percent total rot over time was 
significant (Time P<0.001) for both varieties in all treatments (Table A2.2.). Overall, 
there seemed to be higher mean percent total rot in the treatments with B. dnerea 
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inoculum compared with the treatments without B. cinerea inoculum (Figure 3.3. and 
Table 3.6.). 
In the presence of B. cinerea the influence of thrips on the mean percent total rot 
differed significantly over time in Riesling (Treatment x Time P=O.017), with the mean 
percent total rot being higher in the B. cinerea treatment at fruit set but the reverse 
was true at veraison and harvest (Figure 3.3.). In Sauvignon Blanc, the mean percent 
total rot on bunches was significantly higher in the control treatment compared with 
the T. obscuratus treatment (P=O.008) throughout the period of sampling (Table 3.5. 
and Table AZ.Z.). 
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Figure 3.3.: Mean percent total rot per treatment on Riesling bunches at different sampling 
times in the greenhouse experiment 2005/06. (LSDs for comparing means: with B. 
dnerea=22.6; without B. dnerea=22.8) 
Throughout the experiment, the mean percent B. cinerea rot on bunches was highest 
in the T. obscuratus + B. cinerea treatment (Table 3:5.), being significantly higher 
than in the B. cinerea treatment in Riesling (P<O.001) and Sauvignon Blanc (P=O.022) 
(Table AZ.Z.). In Riesling, the mean percent B. cinerea rot detected on bunches in the 
treatments without B. cinerea was significantly higher (P=O.03; Table AZ.2.) when T. 
obscuratus was present (Table 3.5.). In Sauvignon Blanc, the effect of thrips on mean 
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percent B. cinerea rot on bunches in the treatments with B. c;nerea differed 
significantly (Treatment x Time P=0.002) depending on the sampling time, with a 
higher percent B. cinerea rot detected at fruit set, berry touch and harvest in the T. 
obscuratus + B. cinerea treatment but the opposite at pea-size and veraison (Figure 
3.4.). 
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Figure 3.4.: Mean percent B. cinerea rot per treatment on Sauvignon Blanc bunches at 
different sampling times in the greenhouse experiment 2005/06. (LSDs for comparing means: 
with B. cinerea=17.9; without B. cinerea=3.1) 
The mean percent incidence of B. cinerea marker strain 879-1 n;t1 was significantly 
higher in the T. obscuratus + B. cinerea treatment compared with the B. cinerea 
treatment (Table A2.3.) in Riesling (Xz< 0.001) but not Sauvignon Blanc (Xz= 0.145). In 
Sauvignon Blanc, the mean percent incidence of B. cinerea marker strain 879-1 nit1 
detected on bunches varied significantly (Time P=0.003) with sampling time (Table 
A2.3.). The effect of T. obscuratus on the incidence of this strain, differed depending 
on the sampling time for both varieties (Riesling: Treatment x Time XZ=0.025 and 
Sauvignon Blanc: Treatment x Time XZ=0.024). In Riesling, there was little difference 
of the percent incidence of this strain at fruit set and pea-size but at all other 
sampling times the percent incidence of the B. cinerea marker strain 879-1 nit1 was 
greater when thrips were present (Figure 3.5.). However in Sauvignon Blanc, higher 
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percent incidence of this strain was detected in the T. obscuratus + B. cinerea 
treatment from fruit set to berry touch and the opposite effect occurred at veraison 
(Figure 3.6.). For both varieties, cross contamination was very low. In Riesling, out of 
all B. cinerea infections detected only 14% and 6 % in the control and T. obscuratus 
treatment respectively, tested positive for the B. cinerea marker strain 879-1 nit1. In 
Sauvignon Blanc, only 14% of all B. cinerea detected in the control treatment were 
identified as the B. cinerea marker strain 879-1 nit1. 
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Figure 3.5.: Mean percent incidence of B. cinerea marker strain 879-1 nit1 on Riesling 
bunches in the treatments with B. cinerea inoculum in the greenhouse experiment 2005/06 
presented with standard errors of the means. 
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Figure 3.6.: Mean percent incidence of B. cinerea marker strain 879-1 nit1 on Sauvignon Blanc 
bunches in the treatments with B. cinerea inoculum in the greenhouse experiment 2005/06 
presented with standard errors of the means. 
3.4.5.2. Treatment effects on berry attributes 
Over the course of the experiment, the mean weights of Riesling and Sauvignon Blanc 
berries increased from fruit set to harvest in all treatments as expected (Table 3.8. 
and Figure A2. 7.). The change of mean berry weights over time was significant (Time 
P<0.001) for both varieties in all treatments. The effect of thrips on the overall mean 
weight gain of Sauvignon Blanc berries in the treatments with B. cinerea differed 
significantly (Treatment x Time P=0.012) depending on the sampling time (Table 
A2A.), with the mean weight of berries being lower at fruit set and berry touch in the 
T. obscuratus + B. cinerea treatment and the opposite occurring at harvest compared 
with the mean weight of berries in the B. cinerea treatment (Figure 3.7.). 
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Figure 3.7.: Mean weight (loglo transformed) per treatment on Sauvignon Blanc berries at 
different sampling times in the greenhouse experiment 2005/06. (LSDs for comparing means: 
with B. cinerea=O.12; without B. cinerea=0.15) 
Table 3.7: Main berry attributes of two varieties in the greenhouse experiment 2005/06. Data 
show main effects of thrips (means) in the presence or absence of B. cinerea inoculum. (Bc=B. 
cinerea; LSD=least significant difference at P<0.05; resid.=residuals; d.L= degree of freedom) 
Variety Treatment Log10 Weight (g) % Total rot % Bc 
Control 2.73 (0.53)* 36.60 1.08 
T. obscuratus 2.73 (0.54) 30.60 0.62 
LSD (resid. d.f.=64) 0.05 8.87 1.40 
Riesling B. cinerea 2.78 (0.60) 29.40 1.90 
T. obscuratus 2.76 (0.58) 39.00 5.60 
+ B. cinerea 
LSD (resid. d.f.=66) 0.06 8.32 4.26 
Control 2.75 (0.57) 16.30 0.47 
T. obscuratus 2.75 (0.56) 13.60 0.25 
LSD (resid. d.f.=62) 0.07 5.24 0.67 
Sauvignon 
Blanc B. cinerea 2.81 (0.65) 20.50 2.16 
T. obscuratus 2.78 (0.60) 15.10 9.37 
+ B. cinerea 
LSD (resid. d.f.=61} 0.05 6.38 3.64 
• back-transformed means in parentheses 
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Table 3.8: Main berry attributes of two varieties in the greenhouse experiment 2005/06. Data 
show main effects of sampling time (means) in the presence or absence of B. cinerea 
inoculum. (Bc=B. cinerea, LSD=Least significant difference, P=0.05; resid.=residuals; d.f.= 
degree of freedom) 
Variety Treatment Sampling time Log1o Weight (g) % Total rot % Be 
Fruit set 2.18 (0.15)* 17.50 0.00 
Pea-size 2.56 (0.36) 52.90 3.49 
Without Berry touch 2.88 (0.75) 38.90 0.25 
B. cinerea Veraison 2.91 (0.82) 15.90 0.01 
Harvest 3.11 (1.29) 42.70 0.05 
LSD 0.07 14.02 2.22 
Riesling 
(resid. d.f.=64) 
Fruit set 2.27 (0.19) 16.40 2.10 
Pea-size 2.61 (0.41) 54.60 4.40 
With Berry touch 2.78 (0.60) 44.40 0.50 
B. cinerea Veraison 3.02 (1.05) 16.10 6.30 
Harvest 3.16 (1.45) 39.70 5.30 
LSD 0.09 13.01 6.73 (resid. d.f.=66) 
Fruit set 2.00 (0.11) 14.50 0.04 
Pea-size 2.65 (0.44) 16.40 0.43 
Without Berry touch 2.88 (0.76) 22.20 0.57 
B. cinerea Veraison 3.09 (1.22) 3.20 0.05 
Harvest 3.14 (1.39) 18.40 0.69 
LSD 0.10 8.28 1.06 
Sauvignon (resid. d.f.=65) 
Blanc Fruit set 2.12 (0.13) 10.50 16.60 
Pea-size 2.70 (0.50) 17.90 0.50 
With Berry touch 2.94 (0.87) 34.10 1.87 
B. cinerea Veraison 3.07 (1.18) 4.90 4.36 
Harvest 3.14 (1.39) 21.60 5.53 
LSD 0.09 10.09 5.76 (resid. d.f.=63} 
• back-transformed means in parentheses 
The total rot observed on berries after incubation was due to B. cinerea and other 
fungi, e.g. Penicillium spp., Cladosporium spp. and Aspergillus spp. The change of 
mean percent total rot over time was significant (Time P<0.001) for both varieties in 
all treatments (Table A2.4.). The general pattern was of increasing mean percent 
total rot in all treatments during the first two or three sampling times, then a 
reduction at veraison and finally an increase again at harvest (Table 3.8.). The 
presence of T. obscuratus caused a non-significant reduction in mean percent total rot 
in almost all treatments and varieties except Riesling, where the mean percent total 
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rot detected was significantly higher (P=0.022) in the T. obscuratus + B. cinerea 
treatment compared with the B. cinerea treatment (Tables 3.7. and A2A.). 
In Riesling, the mean percent B. cinerea rot differed significantly over time (Time 
P=0.002) in the two treatments without B. cinerea inoculum (Table A2A. and Figure 
A2.1 0.). In Sauvignon Blanc, the presence of T. obscuratus increased significantly 
(P<0.001) the mean percent B. cinerea rot on berries in the treatments with B. 
cinerea inoculum (Table 3.7.). The mean percent B. cinerea rot in the same 
treatments differed significantly depending on the sampling time (Time P<0.001; 
Table A2A.), with the mean percent B. cinerea rot in the T. obscuratus + B. cinerea 
treatment being highest at fruit set, dropping almost 30% at pea-size and then slowly 
increasing again at harvest by about 10% (Figure 3.8.). Also, the effect of T. 
obscuratus on the mean percent B. cinerea rot on Sauvignon Blanc berries in the 
treatments with B. cinerea inoculum differed significantly depending on the sampling 
time (Treatment x Time P<0.001; Table A2A.), with no percent B. cinerea rot being 
detected in the B. cinerea treatment at fruit set and pea size and only at veraison 
being higher in the B. cinerea treatment compared with the T. obscuratus + B. cinerea 
treatment (Figure 3.8.). 
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Figure 3.8.: Mean percent B. cinerea rot per treatment on Sauvignon Blanc berries at 
different sampling times in the greenhouse experiment 2005/06. (LSDs for comparing means: 
with B. cinerea=3.64; without B. cinerea=0.67) 
Oberall, inoculation of the Riesling and Sauvignon Blanc flowers with the B. c;nerea 
marker strain 879-1 n;t1 caused greater mean incidences of B. c;nerea, than in the 
treatments without B. c;nerea inoculation (control and T. obscuratus treatments). The 
mean percent berries infected with B. c;nerea was greatest at veraison and harvest for 
both varieties compared with the earlier sampling times. The highest mean percent 
berries infected with B. cinerea (91.4%) was detected in the T. obscuratus + B. 
cinerea treatment at veraison in Riesling (Table 3.9). In both grapevine varieties, the 
combined presence of T. obscuratus and B. c;nerea treatment caused highest mean B. 
cinerea incidences at all sampling times, except at pea-size in Riesling and veraison in 
Sauvignon Blanc. All the infections detected in this treatment were caused by the B. 
cinerea marker strain 879-1 n;t1 in Riesling· and almost all in Sauvignon Blanc (Table 
3.9.). Only approximately 0.7% of berries in the control and T. obscuratus treatments 
in both varieties (Table 3.9) were cross contaminated with the B. c;nerea marker 
strain 879-1 nit1 and averaged over all treatments and varieties, only 2% of berries 
were infected with B. c;nerea wild isolates. 
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Table 3.9: Results from berry incubations from the greenhouse experiment 2005/06, when T. obscuratus and B. cinerea were 
introduced to grape inflorescences, showing B. cinerea infection incidence (%) on berries (out of 40 berries per treatment) infected with 
B. cinerea (Bc), the B. cinerea marker strain 879-1 n;t1 (nit1) and overall wild type isolates (wild). 
Fruit set Pea size Berry touch Veraison Harvest Mean 
Variety Treatment Bc nit1 Bc nit1 Bc nit1 Bc nit1 Bc nit1 Bc nit1 wild 
Control -* - 17.5 5.0 - - - - 2.5 - 4.00 1.00 3.00 
T. obscuratus - - 5.0 2.5 2.5 - 2.9 - 3.3 - 2.74 0.50 2.24 
Riesling B. cinerea - - 12.5 10.0 - - 8.5 - 25.0 12.5 9.19 4.50 4.69 
T. obscuratus + 
B. cinerea 7.5 7.5 7.5 7.5 7.5 7.5 91.4 91.4 32.5 32.5 29.29 29.29 0.00 
Control - - - - - - 5.0 - 8.6 5.7 2.71 1.14 1.57 
Sauvignon T. o~scuratus 2.9 - - - 2.9 - - - - - 1.14 0.00 1.14 
Blanc B. cmerea - - - - 5.7 5.7 45.0 40.0 25.0 25.0 15.14 14.14 1.00 
T. obscuratus + B. cinerea 67.5 65.0 5.7 5.7 31.4 25.7 22.5 20.0 54.3 51.4 36.29 33.57 2.71 
Mean 9.73 9.06 6.03 3.84 6.25 4.8L~1.."..9._1 _1a...~_18.g0 __ 15.89 __ 12.~6_10.~.04 
*(.) indicates 0 berries infected 
o 
<l' 
3.5. Discussion 
In this study, the preliminary experiments demonstrated the feasibility of using the B. 
cinerea strains and Mullins' plants. The laboratory test of pathogenicity using the B. 
cinerea marker strain 879-1 nit1 showed that it was capable of infecting and causing 
extensive rot in the berries and so was seen as being representative of a field 
population. Furthermore, the ability of the marker strains' conidia to germinate after 
exposure to UV radiation from sunlight was demonstrated by Seyb (2004) to be similar 
to wild-type isolates. 
Using Mullins' plants in the greenhouse trials proved to be a good research tool. They 
could easily be accommodated in the greenhouse and with sufficient lighting they 
were able to be used early in the season, when field material was not available. 
However, results from experiments with Mullins' plants have to be treated with 
caution because of differences between them and established vines in the field in the 
overall physiology, inflorescence structure and age. Mullins & Rajasekaran (1981) 
considered these plants to be contrived and somewhat abnormal because of the 
changes made to the normal temporal and spatial relationships of vegetative growth 
and fruit growth. In this study, the plants were often smaller and the berries spaced 
further apart than for bunches in the field. 
The SEM study demonstrated that T. obscuratus adults were able to pick up B. 
cinerea conidia from sporulating cultures. The conidia were mostly trapped between 
the cilia of the wings and setae, suggesting that retention of conidia on the thrips 
body was mainly mechanical, which corresponds with the findings of Fermaud & 
Gaunt (1995) and studies with conidia of other fungal pathogens which are 
transmitted by thrips (Ananthakrishna, 1980; Ellis et al., 1988) . However, this method 
cannot be used for quantification of the conidium load, since only one surface of 
each thrips can be examined and dislodgement of some conidia during the 
preparation of the sample is possible. In addition, it cannot provide information 
about the viability of conidia as can be shown by washing thrips and plating out the 
wash solution on selective media. 
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The potential role of adult T. obscuratus as vectors of viable inoculum of B. dnerea 
was investigated and quantified with the tunnel experiment. It demonstrated that T. 
obscuratus was capable of transferring viable conidia from the sporulating mycelium 
on one inflorescence over a distance to an uninfected inflorescence, where Botrytis 
rot consequently developed. When destination inflorescences were washed and the 
wash solution plated out, the large number of colony forming units that resulted, 
clearly indicated the ability of this insect to deposit conidia, thereby adding to the 
overall disease pressure present in the field. Most other studies that investigated the 
transfer of conidia by thrips and other insects, and its influence on infection and 
contamination of the crop, did not quantify the conidium loads of thrips and the 
number deposited on the plants (Ellis et al., 1988; Fermaud & Le Menn, 1992; 
Fermaud et al., 1994). 
Flowers of grapes are highly susceptible to B. dnerea infection, probably due to the 
low resveratrol synthesis during flowering (Holz et al., 2004). During the first season, 
flower infections with dry conidia generally resulted in latent infection and 
contributed a major part to the fruit infection detected at harvest in the greenhouse. 
Similar findings were reported by Keller et al. (2003). In their experiments, 
inoculation at full bloom resulted in the highest disease incidence and dry inoculation 
led to 46% higher disease incidence and 66% higher disease severity than wet 
inoculation. The ability of T. obscuratus to transfer and deposit B. dnerea conidia to 
grape inflorescences and their presumed feeding activities on different flower parts 
(Chapter 5) may increase the incidence and severity of flower rot. However, results 
from both incubation methods in the first season (2004/05) could not show that 
presence of thrips influenced the number of B. dnerea infections. 
In the greenhouse experiments 2004/05, inoculation of inflorescences with the B. 
dnerea marker strain 879-1 nit1 caused greater incidences of infection than the 
combined treatment with T. obscuratus and B. dnerea. This might have been due to 
the method of B. dnerea inoculation. The dusting of the conidia directly onto the 
inflorescences in the B. dnerea treatment resulted in a much higher inoculum load 
compared with the T. obscuratus + B. dnerea treatment, in which the thrips were 
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dusted with conidia and then transferred to the bag. This resulted in an overall 
incidence of 29.3% Botrytis rot in the B. cinerea treatment compared with 14.2% in 
the T. obscuratus + B. cinerea treatment. The handling of the insect and its crawling 
around in the bag could have caused loss of conidia on the thrips body. The change in 
2005/06 to placing a sporulating plug in the bottom of a vial and introducing the 
thrips into the vial prior to flower contact was a more uniform method of inoculating 
the inflorescences. This change resulted in an overall incidence of 12.2% and 32.8%, 
respectively in the two treatments, and also represented more closely the field 
situation. 
The surface sterilizing of berries prior to their assessment for the presence of B. 
cinerea could be interpreted to mean that all B. cinerea growth found after the 
incubations and isolations were due to latent infections or caused by conidia trapped 
in the crevices in the calyx area and not affected by the surface sterilizing process. 
However, recent work described by Holz et al. (2004) reported that B. cinerea 
chlamydospores were often formed as terminal or intercalary cells by transformation 
of hyphae, sometimes immediately after germination, and were liberated by hyphal 
disintegration. These spores can serve as short term survival structures helping the 
fungus to overcome short unfavourable periods on the plant surface but their 
susceptibility to surface sterilization methods has not been determined. Since Walter 
et al. (1999) reported that B. cinerea conidia remained viable and infectious on 
kiwifruit throughout the growing season, chlamydospores and conidia may also be 
able to survive on the berry surfaces throughout the season and so surface 
sterilization was omitted in the second season. However, the change of the method 
did not result in more B. cinerea infections during the second season. 
The number of conidia and the amount of mycelium growth found on the berries of 
all grape varieties in the staining experiment decreased from the early sampling 
times to harvest. This corresponds with findings from Holz et al. (2003), who found a 
similar reduction in viability and longevity of conidia and mycelia. They recovered B. 
cinerea from grape berries in 6.93% of the berries at pea size and 1.46% at harvest. A 
similar reduction was also apparent for the B. c;nerea marker strain used in this 
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study. However in the first season (2004/05), the incidence of B. cinerea infection in 
berries incubated on agar and in moist conditions showed the opposite trend, with 
higher incidences of the pathogen at veraison and harvest. This could indicate that 
the amount of conidium and mycelium inoculum detected on the grape berry surfaces 
does not give a good indication of the amount of B. cinerea rot that occurs near 
harvest. One viable propagule surviving on the berry surface until veraison, when the 
inhibiting compounds found in berries such as resveratrol, start to decrease (Keller et 
al., 2000), might be all that is necessary for infection to occur. The low incidence of 
B. cinerea infection during the berry incubation experiments in the grape variety 
Pinot Noir, which had the highest number of conidia in the staining experiment, may 
have been due to the presence of resveratrol since levels of this chemical are 
generally higher in red grapevine varieties than in white ones (Kiraly-Veghely et al., 
1998). 
The treatments had no clear effect on yield in the second season. Bunch weight, 
number of berries per bunch and berry weight were not significantly lower as was 
expected in the combined treatment of T. obscuratus and B. cinerea. Only the 
variety Riesling showed these trends. Reasons for that could be the number of thrips 
introduced to the inflorescence. Ten individuals might cause damage by feeding and 
transfer of B. cinerea conidia but it might not be enough to influence yield in 
general. Another reason could be the use of Mullins' plants in the greenhouse. 
Bunches of these plants tend to be smaller and looser and more variable in size and 
weight, which probably influenced the overall results. 
During the first season in the greenhouse, some cross contamination of B. cinerea 
inoculum occurred between the treatments as shown by the presence of B. cinerea 
marker strain 879-1 nit1 in the treatments without B. cinerea inoculum. This may 
have been due to the ventilation system in the greenhouse. Even though the plants 
were placed in such a way as to minimize cross contamination, there may have been 
sufficient turbulence to cause conidia to be distributed through the whole 
greenhouse. Numerous sciarid flies were observed in the greenhouse in this season, 
which may have contributed to transference of B. cinerea conidia from the artificially 
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infected plants to the uninfected plants. To help prevent conidium dispersal by air 
movement and insects in the second season (2005/06), another greenhouse was used 
in which the ventilation system operated from side to side rather than front to back, 
and where a vertical plastic sheet separated the treatments with and without B. 
dnerea inoculum. As a result fewer incidences of cross contaminations were observed 
in the second season. 
Overall, the grapevine varieties used in this study showed different responses to the 
B. dnerea infection. Pinot Noir was only used in the first season in the green house, 
because firstly it was more difficult to create uniform Mullins' plants from this 
variety and secondly it had a lower response to the treatments compared with the 
white varieties Sauvignon Blanc and Riesling. These findings were consistent with 
those described by Marroni (2003), who found that the addition of T. obscuratus and 
B. dnerea led to a 140% increase in B. dnerea infection in Riesling but not in Pinot 
Noir. In general, Riesling seemed to respond most to the treatments, with the 
greatest disease incidence of all, which indicates that thrips infestation might playa 
more important role for more susceptible grape varieties, such as Riesling. In the 
second season, the bunch assessments reflected the interaction between the insect 
and the disease more clearly than the berry assessments. This might have been due 
to the variation between different berries of the same bunch. Since only a few 
berries were chosen out of the whole bunch, these variations may have influenced 
the results. 
The results from this study showed that the presence of thrips increased the 
incidence and severity of B. dnerea on bunches, indicating that T. obscuratus is 
capable of vectoring the disease. However, the importance of thrips as vectors and 
facilitators of B. cinerea infection in grapevines requires further investigation. 
Developing a peR method to identify and quantify conidium loads of the insect, 
similar to that described by Schweigkofler et at. (2005), and a tracking system, which 
would allow the monitoring of thrips movement in the field, would help to assess the 
efficiency and range of conidium dispersal between healthy and infected plants. The 
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greenhouse environment provided a good alternative to field trials and under the 
controlled conditions results gave a good first estimate of the interaction. 
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SECTION 2 
T. obscuratus and B. cinerea infestation of grape flowers in field experiments 
3.7. Introduction 
The influences of T. obscuratus on the infection pathways and epidemiology of B. 
cinerea may be more complex than demonstrated in the greenhouse experiments, 
where the interaction was simplified by using Mullins' plants in a controlled 
environment. To fully investigate this interaction, field experiments were conducted 
using the same B. cinerea marker strain as in the greenhouse trials, to track the 
pathogen from flowering to harvest. Under field conditions, it has been reported as a 
successful phenotypic marker (Parkes et al., 2003). 
The aims of the field experiments were to determine whether T. obscuratus did 
become contaminated with pathogen conidia in the vineyards and whether their role 
as vectors of conidia was similar to that in the greenhouse experiments. Additionally, 
a small-scale insecticide experiments was conducted to investigate its potential 
efficacy as a control method. 
3.8. Materials and methods 
The field experiments were set up in a similar way to those of the greenhouse 
experiments, with almost no changes to the vineyard management practices at both 
field sites. The experiments were conducted over two consecutive seasons in two 
vineyards in the South Island of New Zealand. These were at the Neudorf Vineyard, 
situated in the Upper Moutere region in the Nelson province and Canterbury House 
Vineyard (name changed in 2006 to 'Waipara Hills Vineyard'), situated in Waipara in 
the Canterbury province. The two field sites were chosen because of their differences 
in climate, size and vineyard management practices. Even though both vineyards 
managed their grapevines following protocols for integrated production systems 
specified in the Sustainable Winegrowing New Zealand (SWNZ) handbook, some 
differences occurred, for example, in pesticide application and harvesting, which was 
hand-picking at Neudorf Vineyard versus machine-harvesting at Canterbury House 
Vineyard. At the latter vineyard, the experiments were carried out in Riesling and 
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Sauvignon Blanc, whereas at Neudorf Vineyard only Riesling was available. In both 
experimental areas, the first fungicide application at the beginning of flowering was 
omitted to f acil itate the experimental work, but after that the normal fungicide 
spraying regime was continued as throughout the whole vineyard. 
3.8.1. Field experiment 2004/05 
In both vineyards, two rows per variety were selected from the middle of each 
vineyard. The experimental areas within these rows ran from the beginning of the 
rows to reduce the impact of the experiments on overall vineyard management. In 
each vineyard, the experimental area comprised the first 40 m of the selected rows 
(3 bays) and was clearly marked with flagging tape. The first two plants at the 
beginning of each row were not used in the experiments. The same four treatments 
were applied to the inflorescences as described in the greenhouse experiment 
(Section 3.3.6.) at full bloom of each variety, which occurred approximately one 
week apart between varieties and field sites, being 13.12.2004 for Riesling at 
Neudorf Vineyard, 08.12.2004 for Riesling and 15.12.2004 for Sauvignon Blanc at 
Canterbury House. 
To avoid cross contamination, the two treatments involving B. cinerea (B. cinerea 
and T. obscuratus + B. cinerea) were carried out in the downwind row and the two 
other treatments (control and T. obscuratus) in the upwind row exactly opposite, 
with respect to the direction of the prevailing wind. The inflorescences were 
fumigated approximately 30 min before the start of the experiment with diethyl 
ether, as described previously (Section 3.3.6.). In each row, the two designated 
treatments were randomized among the inflorescences available in the experimental 
area. Thrips collection and the set up of the experiments were as described in 
Section 3.3.6., except that the silk bags were also attached loosely to the fruiting 
wire, to prevent movement in the wind that might have damaged the inflorescences. 
The bags were removed after 7 days and any thrips found were counted and killed as 
before. 
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3.8.2. Field assessment 2004/05 
3.B.2.1. Incidence of B. cinerea on berries 
Sampling times and methods followed the same schedule as before (Section 3.3.7.1.). 
At every sampling date, 10 berries were randomly selected from each of two bunches 
for all treatments, varieties and both vineyards as described previously (Section 
3.3.7.1.). However, the cool and wet weather during flowering and fruit set caused 
too few berries to be retained on bunches, resulting in lower sample numbers later in 
the season (Tables 3.10 and 3.11.). The berries were cut from the stems as before and 
were placed individually in new, sterile plastic bags. The bags were stored on crushed 
ice in a cooler for less then 24 h until the berries could be processed and assessed in 
the laboratory as described before (Section 3.3.7.1.). 
Statistical analysis 
Many of the treatment x sampling time combinations in both agar and moist 
incubation methods showed no incidences of B. cinerea. Consequently the data could 
not be analysed using the maximum likelihood approach of the Generalised Linear 
Model (GLM). A summary table was constructed to show the number of infected 
berries for each treatment and sampling time combination. 
3.B.2.2. Staining of berry and pedicel tissue 
To investigate the sites and types of fungal structures that might be responsible for 
latent infection, an additional five berries were randomly collected from two 
randomly selected bunches per treatment, variety and field site at the same times 
and intervals described above, except at harvest, and these were stained and cleared 
as described by Bruzzese and Hasan (1983). The same handling, incubation and 
assessment methods were used as described before (Section 3.3.7.2.). 
Statistical analysis 
Score categories were very low with many of the treatment x sampling time 
combinations showing zero conidia or mycelium. Statistical analysis was deemed 
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inappropriate and the data is summarised in a table showing the mean score (over 5 
berries) for each treatment by sampling time combination. 
3.8.3. Field experiment 2005/06 
In the second season, the same rows and varieties were used as in the first season. To 
ensure no prior damage from thrips or other insects, the inflorescences were sprayed 
to run off with pyrethrum (Natures Way Pyrethrum, Yates, New Zealand) one day 
before the start of the experiment. This broad spectrum insecticide is a contact spray 
and is rapidly degraded by sunlight within 24 h. Thrips were collected into plastic 
vials as described before (Section 3.3.8.). Wires were used to hang the vials from the 
bunch stem so that they were placed directly underneath the inflorescence. Both the 
vial and the inflorescence were then bagged and the bag sealed around the 
inflorescence stem with Parafilm. The cap was then carefully removed by handling 
through the silk and left in the bag. At Neudorf Vineyard, the Riesling inflorescences 
were bagged on 06.12.2005, and at Canterbury House Vineyard those of Riesling and 
Sauvignon Blanc were bagged on 14.12.2005 and 21.12.2005, respectively. The bags 
and vials were removed after 7 days and any thrips found were counted and killed as 
before. 
3.8.4. Field assessment 2005/06 
3.8.4.1. Treatment effects on bunch and berry attributes 
Sampling times and methods for the berries and bunches were the same as described 
before (Section 3.3.9.1.). Due to the limited number of bunches available in the 
field, only three bunches were collected from every treatment and variety at every 
sampling date. Bunches were carefully cut from the stems and placed individually in 
new, sterile plastic bags. These samples were then processed and assessed as 
described previously (Section 3.3.9.1.). 
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Statistical analysis 
The same factors affected the analysis as in the greenhouse experiment (Section 
3.3.9.1.). Because it was not known if the different varieties used in this study might 
show different results for each experiment, it was decided to analyse each variety 
separately (A. Lister pers. comm., 2006). Furthermore, since plants without B. 
cinerea applications had to be completely separated into a different row from those 
with B. cinerea applications, to avoid cross contamination, it was not possible to 
replicate and randomise the position of the "with and without B. cinerea" treatments 
within the rows. Separate analyses were therefore carried out to examine the effect 
of thrips and sampling time, one with the data from plants where B. cinerea was not 
applied (without B. cinerea) and the other with data from plants where B. cinerea 
was applied (with B. cinerea). Data of bunch weights, mean berry weights, numbers 
of berries per bunch, percent total rot and incidence and severity of B. cinerea were 
analysed using Analysis of Variance (ANOVA) (Genstat 8.2) to determine the effects of 
B. cinerea and T. obscuratus treatments and of sampling time. Where necessary, data 
were transformed to satisfy the ANOVA assumptions. Presence of the B. cinerea 
marker strain 879-1 nit1 was denoted by zero (absent) or one (present) and a GLM 
(Genstat 8.2) with binomial errors and a logit link was used to analyse this data. 
3.8.5. Insecticide experiment 
To determine the effect of insects, especially thrips, on B. cinerea infestation of 
flowers under normal vineyard conditions, some grapevines were exposed to one 
insecticide application at full bloom on the same grape varieties and two field sites 
as before. In each of the two vineyards, one row per variety was selected, situated 
right next to the rows of the previously described experiments. On four plants 
approximately 50 m from the beginning of the row, all the inflorescences were 
sprayed to run off, once at full bloom with pyrethrum, while the next (our plants 
were only sprayed with water (control). This block arrangement was repeated three 
times along the row. 
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Sampling of bunches started at fruit set and from then on whole bunch samples were 
taken every three weeks until harvest. Samples were taken from only the two centre 
plants of each treatment in each replicated block to prevent carry-over effects by 
the treatments. At each sampling date, one whole bunch was randomly selected from 
the sprayed and control plants within each block. Bunches were carefully cut with 
scissors from the stem and placed individually into new, sterile plastic bags. The bags 
were stored on crushed ice in a cooler for less then 24 h until the berries could be 
processed and assessed. In the laboratory, bunches were weighed and berries 
counted. Each whole bunch was then enclosed in a plastic container lined with moist 
paper towels and frozen for ca 4 h at -20'c' After that, they were incubated at room 
temperature (20' C) for 7 days. The severity of the disease on individual bunches was 
determined by estimating the percentage B. cinerea rot per bunch. 
Stat;sUcaL analysis 
Data of bunch weights, numbers of berries per bunch, percent total rot and severity 
of B. cinerea rot were analysed by ANOVA (Genstat 8.2), to determine the main 
effects of the treatments and sampling times. 
3.8.6. Natural infestation of T. obscuratus with B. cinerea 
At full bloom of Riesling, approximately 70 adult T. obscuratus were collected 
randomly from each vineyard by brushing 10 individuals at a time, from each of seven 
inflorescences, directly into seven glass vials, each containing 20 ml distilled water 
and 0.01% Triton X 100 (LabChem; Ajax Finechem, Australia). The vials were shaken 
on an orbital shaker (Orbital Shaker SS70 Chiltern Scientific, Brisbane, Australia) for 
about 5 min at 160 rpm (rounds per minute) to dislodge spores from the insect bodies 
(Fermaud & Gaunt, 1995). A 0.1 ml aliquot of the suspension from each vial was then 
plated separately onto a Petri dish containing a B. cinerea selective medium 
(Edwards & Seddon, 2001) (Appendix 1.2.). The samples were incubated at room 
temperature in the dark for 7-10 days. B. cinerea colonies were the only ones which 
changed the slightly pink colour of the selective agar into dark brown. The number of 
B. cinerea colonies per plate (colony forming units - cfu) was recorded as propagules 
carried by adult thrips. 
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Statistical analysis 
Data from the cfu per plate were used to calculate 95% confidence intervals for the 
mean number of cfus per T. obscuratus from each variety and field site. Confidence 
intervals that do not overlap indicate differences in the mean number of cfus per T. 
obscuratus. 
3.9. Results 
3.9.1. Field assessment 2004/05 
3.9. 1. 1. Incidence of B. cinerea on berries 
The poor berry development, which led to differing sample sizes throughout the 
season, meant that analysis was not possible. Therefore only a summary table can be 
provided here. In both incubation methods the mean incidence of B. cinerea on 
berries was greater at harvest compared with the earlier sampling times. Overall, a 
higher mean incidence of B. cinerea occurred on berries incubated under moist 
conditions compared with the berry portions incubated on agar, being 11.07% and 
8.50% of all berries respectively (Tables 3.10. and 3.11.). Artificial inoculation of the 
flowers with the B. cinerea marker strain 879-1 nit1 caused higher mean B. cinerea 
incidence in the B. cinerea treatment compared with the T. obscuratus + B. cinerea 
treatment, being 16.95% and 5.03% respectively of all berries in all varieties and 
sampling times at both vineyards (Tables 3.10. and 3.11.). 
In general, mean B. cinerea incidence was highest in Sauvignon Blanc at Canterbury 
House Vineyard, being 11.21%, followed by Riesling at the same vineyard being 
10.83%, followed by Riesling at Neudorf Vineyard being 7.33%. For the agar 
incubation the mean percent of berries infected with B. cinerea was greatest at 
harvest and lowest at veraison (Table 3.10.), whereas for the moist incubation the 
mean percent was highest at fruit set and lowest at pea-size (Table 3.11.). Cross 
contamination between inoculated and uninoculated treatments was relatively low, 
with mean incidences of B. cinerea marker strain 879-1 nit1 being 0% and 2.33% 
respectively, in uninoculated T. obscuratus and control treatments. The mean 
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percent of all berries infected with wild isolates of B. cinerea and not with the B. 
cinerea marker strain 879-1 nit1 was higher compared with the greenhouse 
experiment, being 5.83%. Similar to the greenhouse experiment, a higher mean 
percent of wild isolates of B. cinerea was more often detected in the treatments 
without B. cinerea inoculum than in the treatments with B. cinerea inoculum (Tables 
3.10. and 3.11.). 
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Tables 3.10.: Results from agar incubation of berries from the field experiment 2004/05, when T. obscuratus and B. cinerea were 
introduced to grape inflorescences, showing B. cinerea infection incidence (%) on berries infected with B. cinerea (Bc), the B. cinerea 
marker strain 879-1 nit1 (nit1) and overall wild type isolates (wild). 
Vineyard Variety Treatment 
Control 
Riesling T obscuratus 
B. cinerea 
T. obscuratus 
Canterbury + B. cinerea 
House Control 
Sauvignon T obscuratus 
Blanc B. cinerea 
T obscuratus 
+ B. cinerea 
<;:ontrol 
Riesling T obscuratus Neudorf B. cinerea 
T obscuratus 
+ B. cinerea 
Total mean 
* (-) indicates 0 berries infected 
....... 
tv 
W 
Fruit set 
no. of 
berries Be nit1 
available 
10 10 -
10 20 -
10 - -
10 10 -
10 20 -
10 10 -
10 10 10 
10 - -
10 10 -
10 - -
10 20 -
10 - -
10 9.17 0.83 
Pea-size Berry touch 
no. of no. of 
berries Be nit1 berries Be nit1 
available available 
10 10 - 10 - -
9 22 - 10 - -
5 - - 10 20 20 
10 - - 0 
4 25 - 0 
5 - - 3 - -
6 33 33 1 - -
4 - - 2 - -
6 17 - 10 - -
9 11 - 10 - -
7 14 - 5 20 -
10 - - 5 - -
7 11.05 2.78 6 3.33 1.67 
Table 3.10. continued: 
Vineyard Variety Treatment 
Control 
Riesling T. obscuratus 
B. cinerea 
T. obscuratus 
Canterbury + B. cinerea 
House Control 
Sauvignon T. obscuratus 
Blanc B. cinerea 
T. obscuratus 
+ B. cinerea 
Control 
Riesling T. Qbscuratus Neudorf B. cinerea 
T. obscuratus 
+ B. cinerea 
Total mean 
* (-) indicates 0 berries infected 
...... 
N 
.::... 
Veraison 
no. of 
berries Be nit1 
available 
10 -* -
10 - -
10 - -
10 - -
0 
0 
5 - -
10 - -
10 10 10 
10 - -
10 20 20 
10 - -
8 2.50 2.50 
Harvest Total mean I 
no. of I 
berries Be nit1 Be nit1 wild 
available 
10 20 20 8.00 4.00 4.00 
10 - - 8.44 0.00 8.44 
9 11 11 6.20 6.20 0.00 
10 20 10 6.00 2.00 4.00 
5 80 - 25.00 0.00 25.00 
0 2.00 0.00 2.00 
3 67 67 22.00 22.00 0.00 
0 0.00 0.00 0.00 
8 - - 7.33 2.00 5.33 
1 - - 2.22 0.00 2.22 
10 - - 14.86 4.00 10.86 
10 - - 0.00 0.00 0.00 
6 16.48 9.00 8.50 3.35 5.15 
--- ------ ---
Table 3.11.: Results from moist incubation of berries from the field experiment 2004/05, when T. obscuratus and B. cinerea were 
introduced to grape inflorescences, showing B. cinerea infection incidence (%) on berries infected with B. cinerea (Bc), the B. cinerea 
marker strain 879-1 nit1 (nit1) and overall wild type isolates (wild). 
Vineyard Variety Treatment 
Control 
Riesling T. obscuratus 
B. cinerea 
T. obscuratus 
Canterbury + B. cinerea 
House Control 
Sauvignon T. obscuratus 
Blanc B. cinerea 
T. obscuratus 
+ B. cinerea 
Control 
Riesling T. obscuratus Neudorf B. cinerea 
T. obscuratus 
+ B. cinerea 
Total mean 
-
* (-) indicates 0 berries infected 
N 
l.TI 
Fruit set 
no. of 
berries Be nit1 
available 
10 10 -
10 20 -
10 50 30 
10 20 -
10 20 -
10 10 -
10 30 10 
10 10 -
10 10 -
10 0 -
10 50 -
10 30 -
10 21.67 3.33 
Pea-size Berry touch 
no. of no. of 
berries Be nit1 berries Be nit1 
available available 
10 - - 7 - -
9 - - 10 - -
5 - - 10 60 60 
10 - - 0 
3 - - 0 
4 - - 3 - -
6 33 33 2 - -
4 - - 2 - -
6 - - 10 - -
9 - - 9 - -
7 - - 5 40 40 
10 - - 9 11 -
6 2.78 2.75 7 9.25 8.33 
Table 3.11. continued: 
Field site Variety Treatment 
Control 
Riesling T. obscuratus 
B. cinerea 
T. obscuratus 
Canterbury + B. cinerea 
House Control 
Sauvignon T. obscuratus 
Blanc B. cinerea 
T. obscuratus 
+ B. cinerea 
Control 
Riesling T. obscuratus Neudorf B. cinerea 
T. obscuratus 
+ B. cinerea 
Total mean 
* (-) indicates 0 berries infected 
..... 
N 
0' 
Veraison 
no. of 
berries Be nit1 
available 
10 -* -
10 - -
10 - -
10 10 10 
0 
0 
5 - -
10 20 10 
10 - -
10 - -
10 - -
10 20 20 
9 4.17 3.33 
Harvest Total mean 
no. of 
berries Be nit 1 Be nit1 wild 
available I 
10 40 40 20.00 0.00 20.00 
10 60 - 2.00 0.00 2.00 
10 20 10 12.67 8.60 4.07 
10 - - 6.00 2.00 4.00 
5 4 - 10.00 8.00 2.00 
0 16.00 0.00 16.00 
1 - - 26.00 20.00 6.00 
0 6.00 2.00 4.00 
8 - - 2.00 0.00 2.00 
1 - - 0.00 0.00 0.00 
10 10 10 20.00 10.00 10.00 
10 - - 12.20 4.00 8.20 
7 17.50 5.00 11.07 4.55 6.52 
3.9.1.2. Staining of berry and pedicle tissue 
As with the greenhouse experiment, the mean number of conidia found was higher in 
the earlier sampling times than the later ones, in all varieties and all treatments 
(Table 3.12.). Overall most conidia were detected on Riesling berries from Canterbury 
House Vineyard. The artificial inoculation of inflorescences with conidia of the B. 
cinerea marker strain 879-1 nit1 resulted in the highest mean incidences of conidia in 
all varieties (Table 3.12.). In Sauvignon Blanc, the mean numbers of conidia were low 
in treatments without B. cinerea inoculum and they were only found in the control 
treatment at fruit set. In Riesling, similar numbers of conidia were detected across all 
treatments at fruit set. The highest mean incidence of conidia was detected in 
Sauvignon Blanc in the B. cinerea treatment at berry touch. 
Table 3.12.: Mean categories of conidium occurrence on berries of two grapevine varieties at 
different sampling times at two vineyards in the field experiment with or without T. 
obscuratus and/or B. cinerea. (Categories: O=none; 1 =very few; 2=few; 3=some; 4=many) 
Sampling time 
Vineyard Variety Treatment Fruit set Pea-size Berry touch Veraison Mean 
Control 2.90 2.00 3.20 1.00 2.28 
T. obscuratus 2.70 1.75 3.00 1.40 2.21 
Riesling B. cinerea 3.20 3.00 3.00 2.00 2.80 
T. obscuratus 3.00 3.00 0.00 2.20 Canterbury + B. cinerea 2.05 
House Control 3.00 0.00 0.00 0.00 0.75 
Sauvignon T. obscuratus 3.00 2.00 2.00 0.00 1.75 
Blanc B. cinerea 3.00 2.00 4.00 0.50 2.38 
T. obscuratus 3.00 3.00 2.50 0.80 
+ B. cinerea 2.33 
Control 2.80 1.75 0.80 2.00 1.84 
Riesling T. obscuratus 2.40 1.33 1.20 0.40 1.33 Neudorf B. cinerea 2.80 3.33 1.33 1.20 2.17 
T. obscuratus 2.30 3.25 0.75 0.40 
+ B. cinerea 1.68 
Mean 2.84 2.20 1.82 0.99 1.96 
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Mycelium growth was detected in only a few cases (Table A3.1.), with none detected 
at pea size except a small amount in the B. cinerea treatment in Riesling at 
Canterbury House Vineyard. Overall, mycelium growth was most often detected at 
fruit set and berry touch, with only a few observations at veraison on Riesling berries. 
At Canterbury House Vineyard, the artificial inoculation with the B. cinerea marker 
strain 879-1 nit1 resulted in higher mean counts of conidia compared with the other 
treatments. The highest number of mycelium observations was detected on berries 
from Sauvignon Blanc at Canterbury House Vineyard at berry touch in the B. cinerea 
treatment (Table A3.1.). 
3.9.2. Field assessment 2005/06 
3.9.2.1. Treatment effects on bunch attributes 
Over the course of the experiment, the overall mean weight of bunches collected from 
Riesling and Sauvignon Blanc at Canterbury House Vineyard and Riesling at Neudorf 
Vineyard increased as expected from fruit set to harvest in all treatments (Table 3.13. 
and Figures A3.1. to A3.3.) and this change of mean bunch weight over time was 
significantly different (Time P<0.001). The presence of thrips did not significantly 
influence the overall weight gain (Table A3.2a and b.), however, there was a trend for 
lower mean weights in the presence of T. obscuratus in Sauvignon Blanc at Canterbury 
House Vineyard (Table 3.13.), where a significantly lower (P=0.048) mean weight of 
bunches was detected in the T. obscuratus + B. cinerea treatment (Table A3.2a). In 
both varieties at Canterbury House Vineyard, the mean number of berries per bunch 
was lowest in the T. obscuratus + B. cinerea treatment (Table 3.13.). At Neudorf 
Vineyard, the mean number of Riesling berries in the T. obscuratus + B. cinerea 
treatment was significantly lower (P=0.021) compared with the B. cinerea treatment 
(Table A3.2b.) and also differed significantl"y (Time P=0.048) over time (Table A3.2b), 
with mean number of berries tending to be lower in the T. obscuratus + B. cinerea 
treatment from pea-size to harvest although this trend was not detected at fruit set 
(Figure A3.6.). 
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Table 3.13.: Main bunch attributes of two varieties and two vineyards in the field experiment 
2005/06. Data show main effects of thrips (means) in the presence or absence of B. cinerea 
inoculum. (Bc=B. cinerea; LSD=Least significant difference at P<0.05; resid.=residuals; d. f.= 
degree of freedom) 
Vineyard Variety Treatment Log10 weight No. berries % Total rot % Be (g) 
Control 1.72 (75.76)* 113.90 50.70 22.50 
T. obscuratus 1.73 (78.80) 122.70 34.70 22.30 
LSD (resid. d.f.=19) 0.20 38.12 11.20 3.95 
Riesling B. cinerea 1.68 (72.84) 104.40 45.30 29.30 
T. obscuratus + B. 1.72 (72.60) 94.70 66.70 51.30 cinerea 
Canterbury LSD (resid. d.f.=20) 0.16 29.42 17.78 14.54 
House Control 1.60 (59.37) 70.70 24.80 10.70 
T. obscuratus 1.58 (50.81) 69.40 26.00 9.30 
LSD (resid. d.f.=20) 0.12 16.33 15.95 7.67 
Sauvignon 
Blanc B. cinerea 1.68 (72.91) 75.90 20.70 11.30 
T. obscuratus + 1.53 (47.34) 63.30 28.80 19.50 B. cinerea 
LSD (resid. d.f.=19) 0.15 20.88 10.19 9.55 
Control 1.78 (97.75) 97.60 55.30 27.90 
T. obscuratus 1.81 (99.00) 88.80 64.00 38.30 
LSD (resid. d.f.=19) 0.18 32.72 12.62 8.05 
Neudorf RieSling B. cinerea 1.98 (152.85) 137.30 57.20 36.80 
T. obscuratus + B. 1.91 (117.32) 111.10 70.30 46.30 
cinerea 
LSD (resid. d.f.=16) 0.09 21.84 14.84 13.22 
*back-transformed means in parentheses 
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Table 3.14.a: Main bunch attributes of two varieties at Canterbury House Vineyard in the 
field experiment 2005/06. Data show main effects of sampling time (means) in the presence 
or absence of B. cinerea inoculum. (Bc=B. cinerea, LSD=Least significant difference at P<0.05; 
resid.=residuals; d.t.= degree of freedom) 
Vineyard Variety Treatment Sampling Log1o Weight No. of % Total % Bc time (g) berries rot 
Fruit set 1.13 (13.49)* 131.50 25.80 15.90 
Pea-size 1.75 (56.36) 124.90 73.30 31.20 
Without Berry touch 1.87 (73.79) 106.20 48.30 29.50 
B. cinerea Veraison 1.68 (48.19) 95.00 24.20 7.80 
Harvest 2.21 (160.32) 134.00 41.70 27.40 
LSD 0.31 60.28 17.72 6.25 
Riesling 
(resid. d.f.=19) 
Fruit set 0.99 (9.71) 79.20 57.50 31.70 
Pea-size 1.64 (43.35) 109.50 77.50 59.20 
With Berry touch 1.76 (57.41) 98.00 46.70 32.50 
B. cinerea Veraison 2.04 (109.90) 114.80 45.00 37.50 
Harvest 2.05 (112.20) 105.20 53.30 40.80 
LSD 0.26 46.51 28.12 22.98 
Canterbury (resid. d.f.=20) 
House 
Fruit set 0.84 (6.90) 74.30 32.50 14.20 
Pea-size 1.56 (36.31) 68.20 31.70 14.80 
Without Berry touch 1.67 (46.77) 65.70 20.00 10.80 
B. cinerea Veraison 1.97 (93.76) 74.00 35.80 8.70 
Harvest 1.90 (78.52) 68.00 7.00 1.50 
LSD 0.18 25.82 25.21 12.13 
Sauvignon (resid. d.f.=20) 
Blanc Fruit set 0.88 (7.66) 53.80 43.30 32.50 
Pea-size 1.49 (30.62) 54.10 17.90 10.80 
With Berry touch 1.74 (54.95) 71.50 29.20 20.80 
B. cinerea Veraison 2.00 (99.31) 91.80 17.50 8.30 
Harvest 1.91 (81.66) 76.70 15.80 4.50 
LSD 0.24 33.01 16.12 15.09 (resid. d.f.=19) 
*back-transformed means in parentheses 
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Table 3.14.b: Main bunch attributes of Riesling at Neudorf Vineyard in the field experiment 
2005/06. Data show main effects of sampling time (means) in the presence or absence of B. 
cinerea inoculum. (Bc=B. cinerea, LSD=Least significant difference at P<0.05; resid.=residuals; 
d.f.= degree of freedom) 
Vineyard Variety Treatment Sampling Log1o Weight No. of % Total % Be time (g) berries rot 
Fruit set 1.03 (10.62)* 87.50 75.80 22.50 
Pea-size 1.69 (48.42) 60.60 77.50 42.50 
Without Berry touch 1.89 (76.91) 80.50 73.30 45.00 
B. cinerea Veraison 2.17 (147.23) 122.20 8.30 3.80 
Harvest 2.22 (165.20) 115.30 63.30 51.70 
LSD 0.28 51.74 19.96 12.73 
Neudorf Riesling 
(resid. d.f.=19) 
Fruit set 1.02 (10.35) 104.50 80.00 22.50 
Pea-size 1.98 (94.41) 122.00 73.80 52.50 
With Berry touch 2.09 (122.46) 106.70 70.00 55.00 
B. cinerea Veraison 2.30 (199.07) 135.50 24.20 17.00 
Harvest 2.36 (226.46) 152.30 70.80 60.80 
LSD 0.14 34.53 23.46 20.90 {resid. d.f.=16} 
*back-transformed means in parentheses 
In general, the total rot on bunches was caused by B. cinerea and other fungi growing 
on grapes after incubation, e.g. Penicillium spp., Cladosporium spp. and Asperg;[[us 
spp. The mean percent total rot detected on Riesling bunches from Canterbury House 
Vineyard was significantly higher (p=0.008) in the control treatment compared with T. 
obscuratus treatment and also in the T. obscuratus + B. cinerea treatment compared 
with the B. cinerea treatment (P=0.021) (Tables 3.14.a and A3.2a.). At Canterbury 
House Vineyard there was a significant effect of sampling time (Time P<0.001) on the 
mean percent total rot in uninoculated Riesling bunches and at Neudorf Vineyard on 
mean percent total rot in all treatments (Time P<0.001) (Table A3.2b). At Neudorf 
Vineyard, this was associated with a noticeable decrease (30-40 %) in mean percent 
total rot in all treatments at veraison (Figure A3. 9.). 
At Canterbury House Vineyard, the mean percent B. cinerea rot on Riesling bunches 
followed a similar pattern to that described for the mean percent total rot. It was 
significantly higher (P=0.005) in the T. obscuratus + B. cinerea treatment compared 
with the B. cinerea treatment (Table 3.14.a and Table A3.2a.). However, the mean 
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percent B. cinerea rot detected on Riesling bunches in treatments without B. cinerea 
inoculum only differed significantly over time (Time P<0.001), being lower at most 
sampling times in the T. obscuratus treatment compared with the control treatment, 
except at pea-size (Figure A3.10.). For Sauvignon Blanc, the mean percent B. cinerea 
rot differed significantly (Time P=0.007) over time in the treatments with B. cinerea 
application (Table A3.2a.), with the T. obscuratus + B. cinerea treatment resulting in 
higher mean percent B. cinerea rot on bunches compared with the B. cinerea 
treatment at almost all sampling times except at veraison (Figure A3.11.). 
At Neudorf Vineyard, the presence of T. obscuratus significantly increased the mean 
percent B. cinerea rot on Riesling (P=0.014) compared with the control treatment. The 
mean percent B. cinerea rot on Riesling bunches also differed significantly over time 
(Time P<0.001) in all treatments (Table A3.2b.) and in treatments without B. cinerea 
inoculum there was a significant interaction within time (Treatment x Time P=0.049). 
The T. obscuratus + B. cinerea treatment resulted in higher mean percent B. cinerea 
rot compared with the B. cinerea treatment on bunches at almost all sampling times 
except at pea-size (Figure 3.9.). In treatments without B. cinerea inoculum, mean 
percent B. cinerea rot was higher in the T. obscuratus treatment compared with the 
control treatments at all sampling times except berry touch. As with the total rot, the 
mean percent B. cinerea rot decreased 30-40 % in all treatments at veraison but 
increased again by about the same amount at harvest (Figure 3.9.). 
At Canterbury House Vineyard, there was no B. cinerea marker strain 879-1 nit1 
detected in Riesling bunches in the B. cinerea treatment, whereas it was detected in 
the T. obscuratus + B. cinerea treatment giving a significant effect (X2= 0.01) of the 
presence of thrips (Figure 3.10.; Table A3.3.). The B. cinerea marker strain 879-1 nit1 
was not detected in the control and T. obscuratus treatments. 
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Figure 3.9.: Mean percent B. dnerea rot per treatment on Riesling bunches at different 
sampling times at Neudorf Vineyard in the field experiment 2005/06. (LSDs for comparing 
means: with B. dnerea=14.5; without B. dnerea=3.9) 
In Sauvignon Blanc at Canterbury House Vineyard, the marker strain was detected in 
the B. dnerea treatment only at pea-size and veraison at the same levels. In the T. 
obscuratus + B. dnerea treatment, mean incidences of the marker strain decreased 
from fruit set to berry touch with none being detected at veraison or harvest (Figure 
3.11.). Even though the overall percent incidence of B. cinerea marker strain 879-1 
nit1 was higher in the T. obscuratus + B. dnerea treatment compared with the B. 
cinerea treatment, it was not significantly different (X2= 0.155; Table A3.3.). The 
marker strain was not detected in the control and T. obscuratus treatments. 
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Figure 3.10.: Mean percent incidences of B. cinerea marker strain 879-1 n;t1 on Riesling 
bunches in the treatments with B. cinerea inoculum at Canterbury House Vineyard in the field 
experiment 2005/06 presented with standard errors of the means. 
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Figure 3.11.: Mean percent incidences of B. cinerea marker strain 879-1 nit 1 on Sauvignon 
Blanc bunches in the treatments with B. cinerea inoculum at Canterbury House Vineyard in the 
field experiment 2005/06 presented with standard errors of the means. 
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At Neudorf Vineyard, B. cinerea infections caused by the marker strain were detected 
on bunches in the B. cinerea treatment only at fruit set and veraison and not at the 
other sampling times (Figure 3.12.). The mean percent incidence of the marker strain 
in the T. obscuratus + B. cinerea treatment was higher compared with the B. cinerea 
treatment (X2= 0.084; Table A3.3.) but incidences also differed greatly between 
sampling times (Figure 3.12.). A few cross contaminations of the B. cinerea marker 
strain 879-1 nit1 were detected in the T. obscuratus treatment. 
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Figure 3.12.: Mean percent incidences of B. cinerea marker strain 879-1 nit 1 on Riesling 
bunches in the treatments with B. cinerea inoculum at Neudorf Vineyard in the field 
experiment 2005/06 presented with standard errors of the means. 
3.9.2.2. Treatment effects on berry attr;butes 
Over the course of the experiment, the average mean weight of berries from Riesling 
and Sauvignon Blanc at both vineyards increased from fruit set to harvest in all 
treatments as expected (Tables 3.16.a and b; Figures A3.12. to A3.14.). The change 
of the weight of berries over time was significant (Time P<0.001) for almost all 
treatments at both vineyards, except for treatments without B. cinerea inoculum at 
Neudorf Vineyard. The lowest overall mean berry weight was measured in Riesling at 
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Canterbury House Vineyard in the control treatment (Table 3.15.). The presence of 
thrips did not significantly influence the overall weight gain (Table A3.4a. and A3.4b.). 
Table 3.15: Main berry attributes of two varieties and vineyards in the field experiment 
2005/06. Data shows main effect of thrips (means) in the presence or absence of B. cinerea 
inoculum. (8c=B. cinerea; LSD=Least significant difference at P<0.05; resid.=residuals; 
d. f.=degree of freedom) 
Vineyard Variety Treatment Weight (g) % Total rot %Bc 
Control 0.75 23.20 18.30 
T. obscuratus 0.80 18.20 7.80 
LSD (resid. d.f.=19) 0.20 6.30 8.13 
Riesling B. cinerea 0.80 23.30 18.10 
T. obscuratus + B. 0.83 25.60 26.30 
cinerea 
Canterbury LSD (resid. d.f.=20) 0.13 11.02 16.64 
House Control 1.03 8.90 5.70 
T. obscuratus 0.95 6.90 2.20 
LSD (resid. d.f.=20) 0.16 6.84 6.13 
Sauvignon 
Blanc B. cinerea 1.09 9.20 5.80 
T. obscuratus + 0.98 13.00 8.80 B. cinerea 
LSD (resid. d.f.=19) 0.16 6.92 6.98 
Control 2.38 19.40 10.90 
T. obscuratus 1.14 13.30 8.20 
LSD (resid. d.f.=19) 2.90 7.29 5.13 
Neudorf Riesling B. cinerea 1.12 22.30 14.40 
T. obscuratus + B. 1.13 29.00 18.10 
cinerea 
LSD (resid. d.f.=16) 0.13 14.82 10.78 
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Table 3.16.a: Main berry attributes of two varieties at Canterbury House Vineyard in the field 
experiment 2005/06. Data showmain effects of sampling time (means) in the presence or 
absence of B. cinerea inoculum.jBc=B. cinerea, LSD=Least significant difference at P<0.05; 
resid.=residuals; d.f.=degree of freedom) 
Vineyard Variety Treatment Sampling Weight (g) % Total rot %Bc time 
Fruit set 0.10 32.00 5.70 
Pea-size 0.52 16.20 5.00 
Without Berry touch 0.79 16.90 35.30 
B. cinerea Veraison 0.87 4.80 6.50 
Harvest 1.58 33.60 12.80 
LSD 0.31 9.07 13.14 
Riesling 
(resid. d.f.=19) 
Fruit set 0.08 17.50 16.50 
Pea-size 0.52 14.50 16.50 
With Berry touch 0.77 54.40 36.20 
B. cinerea Veraison 1.19 6.60 33.40 
Harvest 1.51 38.30 8.40 
LSD 0.20 17.42 26.31 
Canterbury (resid. d.f.=20) 
House 
Fruit set 0.06 6.30 2.70 
Pea-size 0.56 13.20 9.50 
Without Berry touch 0.88 5.70 0.70 
B. cinerea Veraison 1.17 8.10 4.70 
Harvest 1.72 6.30 2.30 
LSD 0.25 10.82 9.69 
Sauvignon (resid. d.f.=20) 
Blanc Fruit set 0.12 18.70 14.30 
Pea-size 0.59 8.90 5.30 
With Berry touch 1.00 16.60 10.80 
B. cinerea Veraison 1.64 6.60 4.30 
Harvest 1.85 4.90 1.70 
LSD 0.27 10.94 11.03 (resid. d.f.=19) 
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Table 3.16.b: Main berry attributes of Riesling at Neudorf Vineyard in the field experiment 
2005/06. Data show main effects of sampling time (means) in the presence or absence of B. 
cinerea inoculum. (Bc=B. cinerea, LSD=Least significant difference at P<0.05; resid.=residuals; 
d. f.=degree of freedom) 
Vineyard Variety Treatment Sampling Weight (g) % Total rot % Be time 
Fruit set 0.09 20.40 4.80 
Pea-size 4.04 6.60 4.70 
Without Berry touch 1.00 33.00 8.90 
B. cinerea Veraison 1.70 8.40 1.90 
Harvest 1.98 13.40 27.50 
LSD 4.59 11.52 8.93 
Neudorf Riesling 
(resid. d.f.=19) 
Fruit set 0.10 25.70 8.30 
Pea-size 0.72 23.80 5.80 
With Berry touch 1.22 36.40 34.70 
B. cinerea Veraison 1.64 30.30 4.30 
Harvest 1.96 12.10 28.30 
LSD 0.21 23.44 17.04 (resid. d.f.=16} 
The total rot detected on berries was caused by B. dnerea and other fungi e.g. 
Penidllium spp., Cladosporium spp. and Aspergillus spp. In general, the highest mean 
percent total rot was detected in the T. obscuratus + B. dnerea treatment in both 
varieties and vineyards (Table 3.15.). In Riesling at Canterbury House Vineyard, the 
mean percent total rot differed significantly (Time P<O.001) for all treatments over 
time, being lowest at veraison in all treatments (Figure 3.13.). There was also a 
significant thrips-time interaction in the treatments without B. dnerea (Treatment x 
Time P=O.OZ5) (Table A3.4a.). At fruit set and veraison a higher mean percent total 
rot was detected in the T. obscuratus treatment compared with the control treatment 
and for all other sampling times the opposite was detected (Figure 3.13.).The highest 
mean percent total rot was detected in the. treatment T. obscuratus + B. cinerea at 
berry touch. At Neudorf Vineyard, the mean percent total rot on Riesling berri~s 
differed significantly (Time P<O.001) in the treatments without B. dnerea inoculum 
over time (Table A3.4b.), with the mean percent total rot being higher at fruit set and 
berry touch but lower at the other sampling times (Figure A3.16.). 
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Figure 3.13.: Mean percent total rot per treatment on Riesling berries at different sampling 
times at Canterbury House Vineyard in the field experiment 2005/06. (LSDs for comparing 
means: with B. cinerea=11.02; without B. cinerea=6.30) 
At Canterbury House Vineyard in Sauvignon Blanc, the mean percent B. cinerea rot on 
berries was low in all treatments and generally decreased from fruit set to harvest 
(Figure A3.18.). In Riesling, levels of B. cinerea rot were moderate but the treatments 
produced few significant effects, with only the control treatment having a 
significantly (P=O.016) higher mean percent B. cinerea rot compared with the T. 
obscuratus treatment (Table A3.4a.) and a significant effect of time (Time P<O.001) in 
treatments without B. cinerea inoculum. Compared with the control treatment, the T. 
obscuratus treatment seemed to cause no increase in levels of B. cinerea rot on the 
uninoculated berries at almost all sampling times. However in the inoculated berries, 
this treatment did seem to cause a higher mean percent B. cinerea rot at fruit set, 
pea-size and berry touch (Figure A3.17.). At Neudorf Vineyard in Riesling, low mean 
percent B. cinerea rot was detected in all treatments at fruit set, pea-size and 
veraison (Figure 3.14.) and this change over time was significant (Time P<O.05) (Table 
A 3.4b.). The mean percent B. cinerea rot in treatments without B. cinerea inoculum 
was also significantly affected by thrips-time interaction (Treatment x Time P=O.017) 
(Table A3.4b.), with the mean percent B. cinerea rot on berries in the control 
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treatment being lower at fruit set and veraison compared with the T. obscuratus 
treatment, but for all other sampling times the opposite trend was detected (Figure 
3.14.). The highest mean percent B. cinerea rot was observed at berry touch in the T. 
obscuratus + B. cinerea treatment and there was a trend that the overall mean 
percent B. cinerea was higher in the T. obscuratus + B. cinerea treatment compared 
with the B. cinerea treatment (Figure 3.14.) 
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Figure 3.14.: Mean percent B. dnerea rot per treatment on Riesling berries at different 
sampling times at Neudorf Vineyard in the field experiment 2005/06. (LSDs for comparing 
means: with B. dnerea=10.8; without B. dnerea=5.1) 
Overall, the mean percent of berries infected with B. cinerea marker strain 879-1 n;t1 
was higher in the T. obscuratus + B. cinerea treatment in both varieties and vineyards 
compared with the B. cinerea treatment, but only in Riesling at Neudorf Vineyard was 
this difference significant (X2=O.041; Table A3.5.). The low mean incidence of the B. 
cinerea marker strain 879-1 nit1 in Sauvignon Blanc at Canterbury House Vineyard 
(Table 3.17.) meant that the data could not be analysed. For Riesling at Canterbury 
House Vineyard and Neudorf Vineyard data were analysed, but since no interaction 
between the treatments and time was significant, the interaction was removed from 
the Generalised Linear Model. 
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In general, the incidence of berries with B. cinerea infection in all treatments in 
Sauvignon Blanc at Canterbury House Vineyard was about half the incidence in Riesling 
at both vineyards (Table 3.17.). The mean percent incidence of berries infected with 
B. cinerea was high at berry touch (47.78%) and greatest at harvest (55%) for both 
varieties and vineyards and most isolates were wild types of the pathogen. Overall, a 
higher mean percent incidence of B. cinerea was caused by B. cinerea wild isolates 
(28.44%) compared with the B. cinerea marker strain 879-1 nit1 (7.33%). The 
proportion of infections caused by the B. dnerea marker strain 879-1 nit1 was similar 
at all sampling times except berry touch (Table 3.17.). In Riesling at both vineyards, 
the mean percent incidence of B. cinerea was generally higher in the T. obscuratus + 
B. cinerea treatment (55.33%) compared with the B. c;nerea treatment (46.67%) at all 
sampling times, a trend not detected in Sauvignon Blanc at Canterbury House Vineyard 
(Table 3.17.). The highest mean percent incidence of berries with B. cinerea infection 
was detected in the T. obscuratus + B. dnerea treatment at harvest in Riesling at 
Neudorf Vineyard (100%). In Sauvignon Blanc at Canterbury House Vineyard, all berries 
infected with B. cinerea at pea-size and harvest was due to B. dnerea wild type 
isolates and not by the B. dnerea marker strain 879-1 nit1. Only approximately 0.67% 
of berries in the control and T. obscuratus treatments in both varieties and vineyards 
were cross contaminated with the B. dnerea marker strain 879-1 nit1 (Table 3.17.). 
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Table 3.17.: Results from berry incubations from the field experiment 2005/06, when T. obscuratus and B. cinerea were introduced to 
grape inflorescences, showing B. cinerea infection incidence (%) on berries (out of 15 berries per treatment) infected with B. cinerea 
(Bc), the B. cinerea marker strain 879-1 nit1 (nit1) and overall wild type isolates (wild). 
Vineyard Variety Treatment 
Control 
T obscuratus Riesling 
B. cinerea 
T obscuratus 
Canterbury + B. cinerea 
House Control 
Sauvignon T obscuratus 
Blanc B. cinerea 
T obscuratus 
+ B. cinerea 
Control 
Riesling T obscuratus Neudorf B. cinerea 
T obscuratus 
+ B. cinerea 
Total mean 
-
* (-) indicates 0 berries infected 
....... 
~ 
N 
I Fruit set Pea-size 
Be nit1 Be nit1 
46.7 6.7 40.0 -
6.7 -* - -
26.7 6.7 20.0 -
46.7 13.3 53.3 46.7 
13.3 - 13.3 -
6.7 - 13.3 -
13.3 - 20.0 -
40.0 33.3 10.0 -
6.7 - 20.0 -
20.0 13.3 30.0 -
20.0 10.0 20.0 10.0 
20.0 - 40.0 20.0 
22.22 6.94 .. 23.33 6.39 
Berry touch Veraison Harvest Total mean 
Be nit 1 Be nit1 Be nit1 Be nit1 wild 
60.0 - 40.0 - 66.7 - 50.67 1.33 49.33 
66.7 - 13.3 - 26.7 - 22.67 0.00 22.67 
80.0 - 60.0 - 53.3 33.3 48.00 8.00 40.00 
80.0 26.7 53.3 6.7 46.7 13.3 56.00 21.33 34.67 
6.7 - 26.7 - 33.3 - 18.67 0.00 18.67 
0.0 - 0.0 - 20.0 - 8.00 0.00 8.00 
26.7 - 20.0 6.7 20.0 - 20.00 1.33 18.67 
20.0 13.3 6.7 - 13.3 - 18.00 9.33 8.67 
53.3 - 20.0 - 100.0 - 40.00 0.00 40.00 
60.0 - 33.3 - 93.3 - 47.33 2.67 44.67 
53.3 20.0 46.7 20.0 86.7 6.7 45.33 13.33 32.00 
66.7 66.7 46.7 46.7 100.0 20.0 54.67 30.67 24.00 
47.78 10.56 30.56 6.67 55.00 6.11 35.78 7.33 28.44 
------- ------
3.9.3. Insecticide experiment 
The mean weights of bunches from both varieties and field sites were significantly 
different (Time P<O.001) over time (Table A4.1.a and b). At Canterbury House 
Vineyard, the mean weight increased as expected from fruit set to harvest for Riesling 
and Sauvignon Blanc bunches in both treatments (Figures 3.15. and A4. 1.), whereas at 
Neudorf Vineyard it increased only from fruit set to veraison in Riesling bunches but 
then decreased at harvest in both treatments (Figure A4.2.). At Canterbury House 
Vineyard, the mean weight of bunches tended to be lower in the water treatment 
compared to the pyrethrum treatment in both varieties (Table 3.18.), and the mean 
numbers of berries per bunch were also lower in the water treatment compared with 
the pyrethrum treatment (Table 3.18.). At Neudorf Vineyard, berry numbers differed 
significantly (Time P=O.018) over time (Table A4.1b.), with the numbers in the 
pyrethrum treatment being higher only at fruit set compared with the water 
treatment. For all other sampling times, the number was either lower than or similar 
to the water treatment (Figure A4.5.). 
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Figure 3.15.: Mean weight of Riesling bunches per treatment at different sampling times at 
Canterbury House Vineyard in the insecticide experiment 2005/06. (LSD=21.9) 
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Table 3.18.: Main bunch attributes of two varieties and vineyards in the insecticide 
experiment 2005/06. Data show main effects of pyrethrum (means). (LSD=Least significant 
difference at P<0.05; resid.=residuals; d. f.=degree of freedom) 
Vineyard Variety Treatment Weight (g) No. berries % Total rot % Be 
Pyrethrum 84.80 124.90 44.30 32.70 
Riesling Water 78.60 122.80 55.00 30.70 
Canterbury LSD (resid. d.f.=20) 21.89 24.62 12.76 9.33 
House Pyrethrum 73.40 99.00 46.30 28.70 Sauvignon Water 68.90 90.40 49.80 27.80 Blanc 
LSD (resid. d.f.=20) 19.38 21.10 7.86 4.52 
Pyrethrum 100.50 112.40 69.00 47.00 
Neudorf Riesling Water 100.90 104.70 64.70 47.70 
LSD (resid. d.f.=20) 24.58 25.73 15.86 16.86 
Table 3.19.: Main bunch attributes of two varieties and vineyards in the insecticide 
experiment 2005/06. Data show main effects of sampling time (means). (LSD=Least significant 
difference at P<0.05; resid.=residuals; d.f.=degree of freedom) 
Vineyard Variety Sampling time Weight (g) No. of berries % Total rot % Be 
Fruit set 23.70 159.80 25.00 15.00 
Pea-size 48.20 108.70 31.70 22.50 
Berry touch 75.30 112.50 40.80 14.20 
Riesling Veraison 119.70 11.70 61.70 23.30 
HaNest 141.60 126.50 89.20 83.30 
LSD 34.60 38.93 20.18 14.75 
Canterbury (resid. d.f.=20) 
House Fruit set 14.90 119.00 76.70 70.00 
Pea-size 44.30 82.00 40.00 25.00 
Sauvignon Berry touch 69.20 85.70 53.30 10.80 
Blanc Veraison 93.50 81.00 32.00 4.50 
HaNest 133.80 105.80 38.30 30.80 
LSD 30.63 33.36 12.43 7.15 (resid. d.f.=20) 
Fruit set 22.20 141.00 55.80 31.70 
Pea-size 52.10 72.00 53.30 45.00 
Berry touch 92.00 112.20 50.80 35.00 
Neudorf Riesling Veraison 187.30 124.70 88.30 50.00 
HaNest 149.90 92.80 85.80 75.00 
LSD 38.88 40.68 25.07 26.66 (resid. d.f.=20) 
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At Canterbury House Vineyard, the mean percent total rot was higher in the water 
treatment compared with the pyrethrum treatment in both varieties but the opposite 
occurred in Riesling at Neudorf Vineyard (Table 3.18.). At Canterbury House Vineyard, 
the mean percent total rot detected on bunches differed significantly over time in 
both varieties (Riesling, Time P<0.001; Sauvignon Blanc, Time P= 0.014) (Table A4.1 a), 
with the mean percent total rot in both treatments in Riesling increasing towards 
harvest and being higher in the water treatment compared with the pyrethrum 
treatment at berry touch and veraison (Figure 3.16.). In Riesling at Neudorf Vineyard, 
the mean percent total rot detected on bunches differed significantly (Time P=0.007) 
over time (Table A4. 1 b), with higher mean percent total rot at berry touch and 
harvest in the water treatment and higher mean percent total rot in the pyrethrum 
treatment at the other sampling times (Figure A4. 7.). 
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Figure 3.16.: Mean percent total rot per treatment on Riesling bunches at different sampling 
times at Canterbury House Vineyard in the insecticide experiment 2005/06. (LSD=12.8) 
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The mean percent B. cinerea rot detected on Riesling and Sauvignon Blanc bunches at 
Canterbury House Vineyard differed significantly (Time P<0.001) over time (Table 
A4.1 a.). In Riesling in both treatments, it was higher at harvest compared with the 
other sampling times (Figure 3.17.), whereas in Sauvignon Blanc it decreased in both 
treatments from fruit set to veraison by almost 60% and increased by about 20% at 
harvest (Figure A4.B.). In Riesling at Neudorf Vineyard, the mean percent B. cinerea 
rot on bunches differed significantly (Time P=0.023) over time (Table A4.1b.), with 
the percent B. cinerea rot being higher in the water treatment compared to that in 
the pyrethrum treatment at veraison and harvest but lower in the earlier sampling 
times (Figure A4.9.). 
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Fis.ure 3.17.: Mean percent B. cinerea per treatment on Riesling bunches at different 
sampling times at Canterbury House Vineyard in the insecticide experiment 2005/06. 
(LSD=9.33) 
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3.9.4. Natural infestation of T. obscuratus with B. cinerea 
B. cinerea colonies were clearly visible, because they changed the slightly pink colour 
of the selective agar into dark brown (Figure 3.18.). On average, the mean number of 
B. cinerea colony forming units (cfu) resulting from the washings of T. obscuratus 
coUected from Sauvignon Blanc inflorescences at Canterbury House Vineyard was 
much higher than from individuals coUected from Riesling at the same vineyard 
(Figure 3.19.) and it was also higher than that from individuals coUected from Riesling 
at Neudorf Vineyard (Table 3.20.). 
Figure 3.18.: B. cinerea colonies on the selective media formed from the washing of T. 
obscuratus bodies. 
Table 3.20.: Mean number of colony forming units per T. obscuratus in both varieties and 
vineyards detected in washings of the insect bodies. 
Vineyard 
Canterbury House 
Neudorf 
'Confidence interval 
Riesling Sauvignon Blanc 
Mean 95% CI' Mean 95% CI 
4.08 (-1.3; 4.1) 9.09 (1 .1; 8.0) 
0.82 (-0.2; 0.7) 
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3.10. Discussion 
This is the first study reporting the successful use of a B. cinerea mutant strain as a 
marker to investigate the interaction between an insect and disease on grapes in 
commercial vineyards throughout the season. The absence of any other strain 
deficient in nitrate reductase in the field, as tested elsewhere (Seyb, 2004), meant 
that all strains isolated from the field could be confidently identified as the B. cinerea 
marker strain 879-1 nn1 used in the experiments. It was possible to recover the B. 
cinerea marker strain 879-1 nn1 during the grape berry development from flowering 
up to harvest, in both grapevine varieties and at both field sites. Studies by Parkes et 
al. (2003) have also demonstrated that these B. cinerea mutant strains are effective 
research tools in the field. Even though molecular markers of B. cinerea have been 
developed (Rigotti et al., 2002), they were rejected for this study because they 
cannot differentiate between live and dead fungal material, require a high level of 
expertise and are expensive to use. The mutant strains on the other hand provided a 
cheap reliable and easy to handle alternative and were therefore used in this study. 
Only a few cross contaminations with the marker strain were detected in both field 
seasons, which indicated a successful experimental design in trying to keep the 
transfer of B. cinerea maker strain 879-1 nit1 conidia from inoculated to uninoculated 
plants down to a minimum. 
The silk bags used in the field and greenhouse trials (Section 1) were very successful in 
containing T. obscuratus on the grape inflorescences and not damaging the 
inflorescences. Plastic and paper bags used in similar experiments (Fermaud & Le 
Menn, 1992; Fermaud et al., 1994) would have been too heavy and rigid for the 
delicate grape inflorescence. A previous study on thrips in grapes using the same kind 
of silk bags in the greenhouse reported good success with this method (Marroni, 2003). 
The silk was fine enough to prevent thrips from escaping and still allowing good air 
circulation within the inflorescence. It was light weight and flexible enough to be tied 
around the inflorescence stem. However, in the first field season (2004/05), more 
thrips were occasionally recovered from the bags than were initially introduced to the 
inflorescences. This suggested that the thrips had either arrived undetected between 
fumigating and bagging or that the closure area around the bunch stem had allowed 
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entry of the thrips. In the second season, the closures were carefully sealed off with 
Parafilm, a successful modification since no extra thrips were found inside the silk 
bags. In addition, the initial methods for introducing thrips to the inflorescence in the 
silk bag involved more handling of the insects, potentially increasing their stress 
levels, than the method used in the second season, which involved handling of the 
insects only once and was easier to apply to the plants. 
Staining of berry and pedicle tissue of berries from the field during the first season 
confirmed the findings from the greenhouse trials (Section 1 ) but the numbers of 
conidia found were much lower than found in the greenhouse. This may have been 
caused by the outside field conditions such as wind, rain, temperature change and sun 
exposure, which are mainly excluded in the greenhouse and could cause loss or death 
of the conidia. Similar to the first season in the greenhouse, the numbers of conidia 
found on the berries decreased during the season, as it was described by Holz et al. 
(2003). The accuracy of the staining method is limited, because this technique did not 
allow differentiation of B. cinerea conidia except by their shape. However, the 
increased number of characteristic conidia in pedicel and berry tissues of B. cinerea-
treated flowers, compared to untreated flowers indicates the high probability of the 
detected conidia being those of B. cinerea. 
Unfortunately, due to poor weather conditions during the first field season, very poor 
fruit set occurred at both field sites and consequently there were not enough berries 
available for the assessments. Only at fruit set did almost all bunches have the 
required number of berries for the assessments. This has been observed before. During 
unusually wet and cool conditions, an elongated flowering period can occur, with poor 
fruit set and so reduced yields. Under these types of conditions, up to 30% of bunches 
can be destroyed (Nair & Hill, 1992), which becomes apparent mostly after fruit set. 
In the first seas()n, some grapevine blocks were not even harvested at Canterbury 
House Vineyard due to the overall damage to the grape bunches (pers.com. J.-L. 
Defour, Chief Viticulturist, 2005). Nevertheless, incidence of B. cinerea in the few 
berries recovered followed a similar trend as in the greenhouse experiment. 
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The presence of thrips did appear to have an effect on yield in the field, which was 
most apparent in the insecticide experiment. In the insecticide experiment at 
Canterbury House Vineyard, the presence of thrips decreased the mean weight of 
Sauvignon Blanc and Riesling bunches by ca 6% and 7% respectively and the mean 
number of berries per bunch by 9% and 2% respectively. At Neudorf Vineyard an effect 
of thrips on bunch weight was not detected but on average, the number of berries ber 
Riesling bunch decreased by 7%. In the field experiment at Canterbury House 
Vineyard, the presence of thrips decreased significantly the mean weight of Sauvignon 
Blanc bunches by ca 9%, and at Neudorf Vineyard, the mean number of berries per 
Riesling bunch by ca 20% in treatments with B. cinerea inoculum. This is the first 
report on yield loss in grapevines due to T. obscuratus in New Zealand. 
In the field there was a tendency for percent total rot and B. cinerea rot of bunches to 
be higher in Riesling at both field sites in the treatment with T. obscuratus infestation 
and higher still when in combination with B. cinerea inoculum compared to the 
treatments without the insect. This interaction was particularly apparent in Riesling at 
Neudorf Vineyard. This result seems to indicate that the insect-disease interaction 
might lead to greater yield losses with conducive conditions and more susceptible 
grape varieties. Similar increases in disease were observed on kiwifruit, where a 
significant T. obscuratus and B. cinerea interaction at flowering indicated that the 
presence of thrips in association with the presence of B. cinerea inoculum, could 
contribute to a higher risk of B. cinerea infection (Fermaud et al., 1994). 
In this study, the trends towards greater levels of disease in the presence of thrips 
were not as obvious in the berry assessments as in the bunch assessments. The percent 
total rot and B. cinerea rot also varied between varieties and field sites, which was 
also reported from other studies of B. cinerea infection in grapevines (Nair ft Hill, 
1992; Nair et al., 1995). However, the trend for increasing rot and B. cinerea infection 
in the B. cinerea + T. obscuratus treatment was again more clearly demonstrated in 
the more susceptible Riesling variety especially at Neudorf Vineyard, where the 
climate is warmer and more humid than at Canterbury House Vineyard and where 
generally higher infestation levels of grape inflorescences by T. obscuratus were 
detected (see Chapter 2). 
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In summary, even though the results from the experiments in both seasons were not 
always significant, they still indicated that an infestation of T. obscuratus, with at 
least 10 adults per inflorescence, could increase the incidence and severity of B. 
dnerea on grapes. Thus, the heavy infestation of T. obscuratus observed in some 
vineyards at flowering is likely to increase infection of the grape inflorescences and 
berries. 
The interaction between T. obscuratus and B. cinerea poses a unique challenge to 
winegrowers in New Zealand, since this is an endemic thrips species, which 
successfully uses the introduced crop as a food source and has not yet been recognised 
as a pest in grapes as it is in stonefruit (McLaren, 1992; Teulon & Penman, 1995). 
Growers following the regulations of integrated production systems specified in their 
integrated pest management manuals are allowed to conduct control measures against 
this insect in stonefruit but not in grapevines. The insecticide experiment conducted 
in this study, gave a first impression of possible influences on yield and B. cinerea 
infection, if the insect is controlled at spring, when it is abundant. Possible influences 
of this insect on scarring and physiological changes of the berry are investigated in 
Chapter 5. 
Natural contamination of adult T. obscuratus with B. dnerea conidia occurred at both 
field sites. The big variation in thrips contamination between the two field sites and 
between varieties needs further investigations but similar variations were also found 
in other studies (Fermaud & Gaunt, 1995). Possible variable factors that influence the 
number of conidia to which thrips are exposed may include time of flowering, 
weather, location and vineyard management. 
Overall, further research needs to be conducted to investigate the variations found in 
this study between field sites and varieties. Factors to consider are for increasing the 
number of thrips introduced to the inflorescences, to represent a situation closer to 
that found in the field, and to include more varieties and also vineyards of a wider 
range of climates and vineyard management practices, such as organic versus 
conventional. Additionally, the experiments should be repeated over a number of 
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seasons to include a broader range of different weather effects at each field site and 
to improve the experiment layout to maximise strength of statistical analytical 
methods. 
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CHAPTER 4 
Physical damage to grape bunches caused by Thrips obscuratus: 
Scarring and total phenolic analysis 
4.1. Introduction 
Thrips obscuratus, like other thrips species, feeds by piercing plant cells and sucking 
their contents (Hunter & Ullman, 1989). It can cause a range of damage symptoms to 
economically important crops, such as scarring, silvering, blemishing the skin or fruit 
and/or bud drop. In New Zealand, it causes distortion of young shoot growth of 
passion fruit (May, 1963), russetting of nectarine fruit and silvering and scarring of 
ripe nectarines (McLaren, 1992). Feeding of T. obscuratus on ripe stone fruit in New 
Zealand causes silvering and the scarring damage is done by its feeding activity on the 
ovaries in spring. In grapes, scarring can be caused by a variety of factors such as 
wind, rain and chemical phytotoxicity (Coombe, 1988) but can also be caused by 
insect feeding damage in the receptacle area and ovaries. In New Zealand, the 
scarring of grape berries has recently been associated with feeding activities of T. 
obscuratus on the flowers in spring, which becomes apparent when the fruit matures 
(Marroni, 2003). 
The appearance of the feeding injuries caused by T. obscuratus can vary in size and 
shape, but most often the scars are 'starfish' shaped at the top of the berries or 
sometimes they take the form of fine scar lines on the berry surface (Marroni, 2003). 
This agrees with observations by Childers & Achor (1991), who reported that feeding 
by the citrus thrips (Scirthothrips citri Moulton) in orange flowers caused scarring 
damage on ripening oranges. It also confirms findings of fruit damage caused by T. 
obscuratus on nectarines and peaches (Teulon, 1992; Teulon & Penman, 1995). 
In general, the feeding behaviour of thrips can be classified into two types: 
penetration feeding and shallow feeding (van de Wetering et al., 1998). In the former, 
thrips feed on mesophyll cells, which results in plasmolysis or complete disintegration 
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of cells due to collapsing of the cell wall after all cell contents have been ingested by 
the thrips (Childers & Achor, 1991) . Consequently, air fills the void and the diffraction 
of light causes silvering of the affected tissue. In shallow feeding the thrips feed on 
epidermal cells, which causes silvering and scarring of plant surfaces but to a lesser 
extent than penetration feeding (Chisholm & Lewis, 1984). The frequency and 
duration of these two feeding activities may differ between the sexes. The larger body 
size of female thrips compared with males and the production of eggs could result in 
females having an increased requirement of food, potentially resulting in higher 
damage to the plant. The amount of damage on plant material may therefore be 
related to the number of thrips and also the sex-ratio within a population. 
A common response of plants to wounding is lignification and suberization of cell walls 
in the affected areas, which acts to seal off damaged plant surfaces and often results 
in scars, that give a corky appearance to the damaged tissues. In grapes, Coertze & 
Holz (2002) reported that artificial wounding caused extensive accumulation of 
stilbenes, suberin and lignin in the cells and cell walls underlying the cuticle 
surrounding the wound and in the wound cavity. 
Other chemical components associated with wound responses of grapes, are 
polyphenols, which include the entire family of phenols, phenolics and tannins. About 
65% of grape polyphenols are found in the seeds, 22% in the stems, 12% in the skin and 
only 1 % in the pulp (Vine et al., 1997). Polyphenols are always found in grape berries 
and their type and quantity is generally influenced by the grapevine species, variety 
and vineyard location (Goldberg et al., 1999). They playa vital role in the growth of 
plants and protect plant tissues from biotic and abiotic damage by neutralising free 
radicals, thereby protecting biologically vital molecules from oxidation (Tomazic et 
al., 2003). External influences such as physical damage to the berry caused by wind, 
rain, insects or pathogens, can also cause changes in the concentration of polyphenols 
found in grape berries and can inhibit or even kill pathogenic organisms and 
herbivorous insects (Keller et al., 2000; Tomazic et al., 2003). Polyphenols are 
therefore part of a complex 'immunity' system, which can be acquired in the tissues 
under stress. The increased levels of scarring of the berry skin caused by feeding 
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activities of thrips and the 'immune' response to pathogenic attack by B. dnerea may 
therefore potentially affect (positively or negatively) flavour and other quality 
attributes of wine produced from those grape berries, by altering the phenolic 
compounds at both qualitative and quantitative levels. This study addresses this 
potential effect by investigating levels of berry scarring caused by the presence of T. 
obscuratus and B. dnerea conidia at flowering and by determining the total phenolic 
content of the berry skin in scarred and unscarred berries. 
4.2. Materials and methods 
4.2.1. Scarring assessment 
Surface damage caused by T. obscuratus was assessed on grape bunches collected at 
harvest in the 2005/06 season from all treatments in the greenhouse and field 
experiments as described in Chapter 3. Eight bunches in the greenhouse and seven 
bunches in the field were randomly selected from each of the different treatments 
and each variety, when berry sugars were at approximately 2rBrix. Additionally, the 
proportion of scarring caused by thrips was also investigated on grape bunches from 
the same two field sites and grapevine varieties, which hadbeen exposed to one 
insecticide application at flowering (see Section 3.6.2.1.). The proportion of scarring 
per grape bunch was determined by visually estimating the percent of scars covering 
the bunch using standard area diagrams as a guide (Balasubramaniam et al. 1993). 
4.2.2. Chemical analysis 
The concentration of phenolics in the skin of ripe berries was investigated by randomly 
collecting 10 Riesling grape bunches at harvest from each treatment at Neudorf 
Vineyard. The grape bunches were placed on ice in a cooler for transport and then put 
in storage at -20 0 C within 12 h of collection until needed for analisis of total 
phenolics. Each sample contained three randomly selected berries from each bunch. 
The frozen berries were cut in half, the skins removed with a scalpel and the skin 
pieces from the three berries were then transferred to 15 ml conical test tubes and 
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stored at -20°(, The time of the process was kept as short as possible to minimise 
thawing and phenolic oxidation. 
Analysis of total phenolics was conducted on all skin samples by the New Zealand 
Institute for Crop ft Food Research Limited in Lincoln, Canterbury, New Zealand 
according to their standard methods, which incorporated the Folin-Ciocalteu method 
described by Spanos and Wrolstad (1990). Total phenolics were expressed in 
milligrams of gallic acid equivalents (GAE) per gram of dry weight (mg GAE/g DW). 
4.2.3. Statistical analysis 
Differences in percent berry scarring between treatments were calculated by ANOVA 
(Genstat 8.2). The main effects analysed were on presence or absence of thrips and B. 
cinerea in the greenhouse and field experiments and on insecticide application in the 
insecticide experiment. As in Chapter 3, the separation of plants without B. cinerea 
application from those with B. cinerea application meant that separate analyses were 
carried out to examine the effect of thrips. 
Data from both experiments were used to calculate 95% confidence intervals to show 
the differences in mean scarring per bunch, for treatments with and without B. 
cinerea. Confidence intervals that did not overlap indicated a difference in the mean 
percentage of scarring between treatments. Data from the chemical analyses were 
used to calculate 95% confidence intervals for the mean concentration of total 
phenolics per treatment. Confidence intervals that did not overlap indicated a 
difference in the mean concentration of total phenolics per treatment. 
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4.3. Results 
4.3.1. Scarring assessment 
4.3.1.1. Greenhouse 
In the greenhouse, the mean percent scarring per Riesling bunch was higher in all 
treatments compared with Sauvignon Blanc (Figure 4.1.). In Riesling the mean percent 
scarring per bunch in the T. obscuratus treatment was slightly higher than in the 
control treatment but this difference was not significant (P=O.71). The same applied 
to the T. obscuratus + B. dnerea treatments compared with the B. dnerea treatment 
(P=O.23) (Figure 4.1.). However, for Sauvignon Blanc, the mean percent scarring per 
bunch was significantly higher (P=O.028) in the T. obscuratus treatment than in the 
control treatment (Table A5. 1.). Also, the mean percent scarring per bunch in the T. 
obscuratus + B. dnerea treatment was significantly higher (p=O.008) compared with 
the B. dnerea treatment (Table A5.1.). In both varieties, the presence of B. dnerea 
did not increase significantly the amount of scarring on bunches, because the 
confidence intervals for the mean percent scarring per bunch for treatments with and 
without B. dnerea overlapped (Table 4.1.). 
Table 4.1.: Mean percent scarring per bunch at harvest for treatments with and without B. 
cinerea for two varieties in the greenhouse, showing confidence intervals ((I) for the means. 
Variety Treatment 95% CI 
Riesling 
Sauvignon 
Blanc 
Control 
T obscuratus 
B. cinerea 
T obscuratus + B. cinerea 
Control 
T obscuratus 
B. cinerea 
T obscuratus + B. cinerea 
(-3.9; 5.7) 
(-1.7; 6.5) 
(0.6; 8.5) 
(1.4 ; 7.3) 
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Figure 4.1.: Mean percent scarring per bunch at harvest in Riesling and Sauvignon Blanc in the 
greenhouse presented with standard deviation of the means. 
4.3.1.2. FieLd 
In the field trials, the mean percent scarring per bunch in all treatments was higher on 
Sauvignon Blanc bunches collected from Canterbury House Vineyard compared with 
Riesling bunches from Canterbury House Vineyard and Neudorf Vineyard (Figure 4.2.). 
The mean percent scarring per bunch was also higher in treatments with T. obscuratus 
(T. obscuratus and T. obscuratus + B. cinerea treatment) compared with treatments 
without T. obscuratus (Control and B. cinerea treatment) in both varieties and at both 
field sites (Figure 4.2.). The higher mean percent scarring per bunch as an effect of 
the presence of thrips was rarely significant. At Canterbury House Vineyard in both 
varieties, the higher mean percent scarring per bunch in the presence of T. obscuratus 
in treatments without B. cinerea (Riesling P=O.50, Sauvignon Blanc P=O.31) and with B. 
cinerea inoculum (Riesling P=O.14, Sauvignon Blanc P=O.058) were not significantly 
different compared to treatments, where T. obscuratus was absent (Table A5.2.). At 
Neudorf Vineyard in Riesling, the mean higher percent scarring per bunch in the T. 
obscuratus treatment was also not significant different compared with the control 
(P=O.060), but the mean percent scarring per bunch in the T. obscuratus + B. cinerea 
treatment was significantly higher (P=O.002) compared with that in the B. cinerea 
treatment (Table A5.2.). In both varieties and vineyards, the presence of B. cinerea 
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did not increase significantly the amount of scarring on bunches, because the 
confidence intervals overlapped for the means of scarring per bunch, for treatments 
with and without B. cinerea (Table 4.2.). 
Table 4.2.: Confidence interval (CI) for the difference of scarring per bunch at harvest for 
treatments with and without B. cinerea for both varieties and vineyards 
Vineyard Variety Treatment 95% CI 
Riesling 
Control 
T obscuratus 
(-2.5 ; 4.8) 
B. cinerea 
C t b (-0.9; 5.5) aner u~ __________ ~T~o~b~s~cu~~~a~w~s_+~B~.~c~m~e~re~a~ ____________ _ 
House Control 
Neudorf 
20 
18 
"fi 16 
c 
::l 14 
.e g» 12 
'E 
CIS 10 
CJ 
/I) 8 
'#. 
c 
CIS 
eLI 
E 
6 
4 
2 
o 
Sauvignon 
Blanc 
Riesling 
T obscuratus 
B. cinerea 
T obscuratus + B. cinerea 
Control 
T obscuratus 
B. cinerea 
T obscuratus + B. cinerea 
1m Control 
[J T. obscuratus 
C!j B. cinerea 
Ii:! T. obscuratus + B. cinerea 
Riesling Canterbury 
House 
Riesling Neudorf 
(-1.8 ; 5.3) 
(-0.2 ; 9.2) 
(-0.1 ; 3.1) 
(1.5;5.7) 
Sauvignon Blanc 
Canterbury House 
Figure 4.2.: Mean percent scaring per bunch in Riesling and Sauvignon Blanc at Canterbury 
House and Neudorf Vineyards in the field experiments 2005/06 presented with standard 
deviation of the means. 
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4.3.1.3. Insecticide exper;ment 
In both vineyard and varieties, a single application of pyrethrum (sprayed) resulted in 
significantly lower mean percent scarring per bunch compared with the water 
treatment (unsprayed) (Figure 4.3.). The significance levels were: for Riesling, 
P=O.006 and P=O.005, at Canterbury House Vineyard and Neudorf Vineyard 
respectively, and for Sauvignon Blanc at Canterbury House P=O.006. Similar to the 
greenhouse experiment, Sauvignon Blanc bunches were less scarred overall than 
Riesling bunches (Figure 4.3.) (Table A5.3.). 
J: 
(,) 
s:::: 
::::J 
.c 
-Cl 
s:::: 
'i: 
... 
co (,) 
U'I 
~ 0 
s:::: 
co Q) 
E 
30 
25 
20 
15 
10 
5 
0 
Riesling at Canterbury Riesling at Neudorf 
House 
~ sprayed 
o unsprayed 
Sauvignon Blanc at 
Canterbury House 
Figure 4.3.: Mean percent scarring per bunch in Riesling and Sauvignon Blanc at Canterbury 
House and Neudorf Vineyard in the insecticide experiment presented with standard deviation 
of the means. 
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Plate 4.1.: The effect of one insecticide application at full bloom on the amount of berry skin 
scarring at Neudorf Vineyard in Riesling: (A) unsprayed and (B) sprayed. 
4.3.2. Chemical analysis 
The concentrations of phenolics found in the skins of the berries differed between 
treatments, showing similar trends as for berry scarring, with concentrations of 
phenolics being higher in the presence of thrips (Table 4.3.). However, only the 
treatment with both T. obscuratus and B. cinerea had a significantly higher 
concentration of total phenolics compared with the other treatments (Table 4.3.) . 
Table 4.3.: Mean concentration of total phenolics in grape skins of Riesling from Neudorf 
Vineyard, expressed as milligrams of gallic acid equivalents (GAE) per gram of dry weight (OW) 
± standard error (SE) and the relevant confidence interval. 
Treatment 
Control 
T. obscuratus 
B. cinerea 
T. obscuratus + B . cinerea 
1 Confidence interval 
Mean 
mg GAE/g OW (:tSE) 
23.6 (±1 .83) 
26.8 (±1 .97) 
24.5 (±O.91) 
31.4 (±1 .22) 
(19.41 ; 27.68) 
(22.32; 31.25) 
(22.43; 26.57) 
(28.67; 34.19) 
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4.4. Discussion 
The occurrence of scarring on various fruits as a result of thrips feeding damage has 
mostly been considered to be a cosmetic issue, downgrading fruit quality and so 
causing economic losses to the growers (Jensen ft Luvisi, 1973; Yokoyama, 1977, 1979; 
McLaren, 1992; Teulon ft Penman, 1995). In this study, there was an obvious trend 
that the presence of thrips increased the percent scarring of bunches in both the 
greenhouse and the field trial and in some cases this trend was significant. This is 
most likely the result of the feeding damage on the stigma and receptacle area of the 
grape flower, which became visible at harvest, when the berries were fully expanded. 
However, there were also slight differences between the varieties and with the types 
of vines used. In the greenhouse, the treatments resulted in less scarring of bunches in 
Sauvignon Blanc compared with Riesling but in the field the opposite was observed. 
This could possibly be due to physiological differences between varieties but also 
between Mullins' and established vines in the field (Mullins ft Rajasekaran, 1981). 
Mullins' plants have different temporal and spatial characteristics that affect 
vegetative and fruit growth. Consequently, care should be taken in the interpretation 
of experiments using this kind of plant especially in extrapolating the results to the 
vineyard situation. 
In the insecticide experiment, the number of thrips feeding on the unsprayed flowers 
was not restricted, as it was in the greenhouse and field experiment, which probably 
accounts for the higher levels of scarring observed. Marroni (2003) also reported that 
levels of berry scarring were associated with the number of thrips present during 
flowering. For the production of table grapes, where the threshold percentage of 
scarring or any other damage is low, insecticide applications are recommended at 
early flowering stages, when thrips populations reach 5 to 10 adults per inflorescence 
(Jensen et al., 1992). The results of this study suggest that low numbers of T. 
obscuratus per inflorescence are able to cause visible damage to berries. The most 
obvious effect of thrips feeding damage was in the insecticide experiment in the field. 
After applying pyrethrum once at full bloom, the scarring on bunches of the treated 
plants was reduced by approximately two thirds in Riesling and approximately half in 
Sauvignon Blanc. 
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T. obscuratus may also cause less obvious damage to grape yield by reducing numbers 
of viable pollen (Kirk, 1987), thereby reducing the overall fertilization and so berry 
size and the numbers of berries per bunch. Usually, the maximum number of seeds per 
berry is four, but lack of ovule fertilization or ovule abortion due to thrips feeding on 
pollen, could reduce the number of developing seed, resulting in smaller berries 
(Hellman, 2003). Similar effects on yield were observed in some cases in the trials 
described in Chapter 3, where the presence of thrips at flowering tended to decrease 
the overall bunch weight and the number of berries per bunch. 
Plants are exposed to attack by multiple pests and diseases in their natural 
environment and often respond to the attack by the induction of defence pathways. 
Induced defence pathways can result in the production of secondary metabolites that 
act against attackers directly or indirectly (Barker et al., 1995; Hunter, 2000; Bezemer 
et al., 2003; van Dam et al., 2003; Wackers ft Bezemer, 2003; Bezemer et al., 2004). 
When cultures of grapevine cells were treated with an elicitor derived from B. cinerea 
cultures, different chemical defence responses were initiated (Repka et al., 2001; 
Repka, 2006). The defence responses included cell death but also accumulation of 
pathogenesis-related proteins and enzymes, which are known to be involved in lignin 
biosynthesis (Vance et al., 1980). The increased scarring found on bunches inoculated 
with only B. cinerea conidia may have resulted from such responses. 
In grapevines, polyphenols are also part of the defence mechanism and concentrations 
found in berries can vary. In this study, the presence of thrips or B. cinerea conidia at 
flowering increased the concentration of total phenolics in the berry skin at harvest. 
However, if both organisms were applied to the inflorescence together, the increase 
was much higher, implying that there was an additive response to the combined insect 
and pathogen attack. Phenolics belong to the flavonoid group primarily found in the 
skin, and are thought to have phytoalexin activity against fungal and bacteria 
pathogens. Some of these phenolic compounds extracted from young berries showed 
high fungicidal properties against B. cinerea enzymes involved in the infection process 
(Goetz et al., 1999) and were observed to increase around infection sites (Dai et al., 
1995). The effect these compounds might have on wine production might depend on 
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the varieties used and the targeted wine styles. Duxbury et al. (2004), for example, 
reported a positive correlation between total phenolic content in red wine and its 
perceived quality rating. 
To determine any effects of phenolics on wine, quantifying phenolic content of the 
skin alone might not represent the actual impact because it does not accounted for 
the confounding factor of berry size. Heuvel et al. (2005) stated that the 
concentration of total phenolics should be quantified as a function of the whole berry 
rather than only the berry skin, because whole berries are used in the production of 
wine, and therefore phenolic contents of the pressed juice is a function of the skin 
surface-to-berry volume ratio. Heuvel et al. (2005) also mentioned that the use of 
whole berries for analysis is common in other fruits and for other compositional 
components of grape berries. 
The influence of vineyard management practices, such as partial defoliation, on the 
concentration of phenolics in berries has been investigated (Heuvel et al., 2005; 
Downey et al., 2006) but more research needs to be done, to determine the types and 
levels of polyphenols produced in the berry in response to a combination of external 
stresses, such as pathogen and/or insect attacks and on how these affect wine quality. 
This knowledge might lead to changes in the management of grapevines in the field 
that could improve the desired wine quality. 
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CHAPTER 5 
Behavioural aspects of Th,;ps obscuratus on grape flowers: a small-
scale video analysis 
5.1. Introduction 
Many behavioural studies have investigated the processes involved in the feeding 
mechanisms of thrips, such as FrankUnielia occidentaUs Pergande, with respect to the 
piercing of plant material and the ingestion of the cell contents (Chisholm & 
Doncaster, 1982; Chisholm & Lewis, 1984; Hunter & Ullman, 1989; Childers & Achor, 
1991). Different methods were used from wave form monitoring (EPG = electrical 
penetration graphs) to video recording (Chisholm & Doncaster, 1982; Harrewijn et al., 
1996a, 1996b; van de Wetering et al., 1998; Kindt et al., 2003; Whittaker & Kirk, 
2004). However, very little information has been reported on the overall behaviour of 
thrips on their host plant in regards to time spent on activities such as searching, 
feeding, oviposition etc. 
Pollen is thought to be the principal food of many flower-visiting thrips, and they are 
known to feed on the grains by sucking out the contents, a procedure that can be 
completed in only a few seconds (Dobson, 1994; Kirk, 1997). Rearing experiments with 
different thrips species indicated that pollen was important for growth, sexual 
maturation or oviposition (Kirk, 1985b; Teulon & Penman, 1991) and some species 
were able to consume up to 0.7% of a flower's pollen per thrips per day (Kirk, 1987). 
In grape inflorescences, T. obscuratus probably feed mainly on pollen and nectar. 
However, it is not known if they also feed on the stigma, ovary, receptacle or pedicel 
tissues. They may also lay eggs as shown in experiments carried out on table grapes 
(Jensen, 1973), wnere females of F. occidentaUs laid their eggs during flowering in the 
upper pedicel area close to the flower. 
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Video recording can provide further understanding of the biological relationship 
occurring between thrips, the host plant and any pathogen propagules that they carry. 
Much research has focused on the transmission of Tospoviruses by thrips, but their role 
as vectors for bacteria and fungi has not been extensively studied (Ullman et al., 
1997). In this study, the presence of T. obscuratus and B. cinerea conidia on grape 
flowers was shown to cause scarring of the berry and an increase in berry infections. 
However, the exact mechanisms are not known. Video recording can provide 
information on the activities of insects on plant material, including their feeding and 
resting places, as well as oviposition sites. In addition to answering existing questions, 
video techniques can also reveal behaviours which may pose new questions (Wratten, 
1993). 
In this study, the behaviour of T. obscuratus on grape flowers was observed by a series 
of continuous video recordings, each of about 10 minutes, to provide information 
about the time spent on different behaviours, such as walking, feeding and grooming 
and to determine the time spend feeding on different food sources provided by the 
flowers (pollen, nectar and other plant material). The data collected from these 
observations combined with those from the experiments in Chapter 3 concerning the 
infection process of B. cinerea in grapevines, could also provide more insights into the 
possible interaction between B. cinerea and T. obscuratus. 
5.2. Materials and methods 
Preliminary observations of T. obscuratus behaviour on grape flowers provided 
information for the development of a behaviour catalogue on which the subsequent 
observations were based. The nine types of behaviour in the catalogue were: still, 
walking, grooming, feeding on nectar, feeding on pollen, feeding on stigma, 
oviposition, interacting with other thri ps, and out of sight (Table 5.1.). The different 
types of feeding were characterized by thrips being present in the areas where the 
respective food can be found (e.g. anthers: pollen, receptacle area: nectar) (Figure 
5.1.) and showing the typical feeding movements of their head described as 'nodding' 
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(Kindt et al., 2003). However, on the stigma it could not be determined, whether the 
thrips fed on plant cells or pollen shed from the anthers. 
All experiments were conducted with adult T. obscuratus females, collected from rose 
flowers in the Lincoln University arboretum. Rose flowers with thrips were cut and 
placed into 2.7 L airtight lidded plastic storage containers (23 cm x 16 cm x 7 cm), 
which were stored at 10°C for 24 h until used in the experiment. To ensure that only 
T. obscuratus were used in the experiments, a sub-sample of the thrips (10-20%) was 
mounted onto microscope slides for species identification using keys and descriptions 
from Mound & Walker (1982) and Mound & Kibby (1998). 
, ..... -2 
Figure 5.1.: Areas on grape flower where T. obscuratus was feeding: (1) receptacle area: 
nectar; (2) anthers: pollen and (3) stigma: plant cells (after Keller et al. 2003). 
The grape flowers were prepared for observation by cutting a bunch of three to five 
flowers from an inflorescence and carefully inserting it into a small square of water-
soaked foam (Oasis®floral foam, Smithers-Oasis Company, USA), which prolonged the 
life of the flowers. The foam square with the flower bunch were then transferred to a 
small Petri dish (60 mm in diameter and 14 mm height) and the foam cut down to 
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prevent the flowers from touching the Petri dish lid. Five thrips were transferred from 
the rose flowers directly onto the grape flowers with a fine brush and the Petri dish 
sealed with cling film to prevent any thrips escaping the Petri dish. The thrips were 
left undisturbed for ca 5 minutes to allow them to become accustomed to the Petri 
dish environment. Their behaviour was then continuously recorded under daylight 
conditions for approximately 10 minutes using a digital video camera (JVC Digital 
Video Camera, optical 16x zoom, 520 lines of resolution) with Marumi lenses added, 
which magnified the area by an additional 7x. The Observer Video-Pro software 
(Noldus et al., 2000) was then used to score and analyze their behaviour. The 
experiment was repeated seven times, always using new flowers, thrips and dishes. 
Only individuals, which were visible for the whole 10 minutes of recording were 
scored. 
Table 5.1.: Behavioural catalogue for T. obscuratus. 
Behaviour Description 
Still Not moving 
Walking Walking 
Grooming Cleaning_ by brushing head, thorax and/or abdomen with its legs 
Feeding on nectar present in the receptacle area with its head 'nodding' 
Feeding on pollen present on the anther with its head 'nodding' 
Feeding on stigma present on the stigma with its head 'nodding' 
Oviposite inserting ovipositor into the pedicel 
Interacting Encounter with other thrips 
Out of sight out of recording area 
5.3. Results 
During the recorded 10 minutes, T. obsturatus individuals spent most of their time 
walking (38.8%) (Table 5.2.). Grooming often occurred between feeding events, for all 
feeding types, and sometimes between walking activities. In this study, the start of a 
feeding activity was defined as: the insect stopped at a feeding site, such as anthers, 
nectaries or stigma, and 'nodded' several times. The proportion of time spent on 
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feeding on the different food sources was 24.6%, with the highest percentage of that 
time spent on the stigma (12.6%) and approximately the same percentages of time 
spent on the other two food sources (Figure 5.2.). Ovipositioning was not observed. 
Table 5.2.: Mean amount of time (s) spent for each behaviour on grape flowers. 
Behaviour 
Still 
Walking 
Grooming 
Feeding on nectar 
Feeding on pollen 
Feeding on stigma 
Oviposite 
Interacting 
Out of sight 
Mean (±SE) 
68.46 (±23.5) 
233.01 (±22.9) 
101.58 (±17.8) 
37.53 (±12.8) 
34.31 (±16.5) 
75.65 (±17.2) 
0.00 
1.51 (±0.6) 
47.94 (±20.1) 
out of sight 
8.0% 
interacting 
0.3% 
feeding on stigma 
12.6% 
feeding on pollen 
5.7% 
feeding on nectar 
6.3% 
still 
11.4% 
walking 
38.8% 
Figure 5.2.: Percentage of time spent for each behaviour class on grape flowers 
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5.4. Discussion 
T. obscuratus adults spent much of their time walking on the grape flowers, possibly 
because they were searching the area for food within the floral resource provided. 
Moreover, T. obscuratus has been reported to accumulate in very large numbers on 
the inflorescences of the grapevines (Chapter 2). This could be compared to the 
aggregative numerical response of predatory and parasitic insects to prey described by 
Hassel (1978). This process can lead to higher predation rates at higher prey densities 
through more predators or parasitoids staying than leaving. For T. obscuratus this 
would describe its high density in grape inflorescences because of the provision of 
food (nectar, pollen and other plant material) and individuals might stay as long as 
these food sources are available. In addition, if these thrips reproduce on grape 
flowers then it would be also a reproductive numerical response to I prey' density 
(Hassel, 1978). 
In this study, whenever a walking thrips encountered another thrips (walking or 
stationary), it stopped and walked in the opposite direction. A similar observation by 
Bernays & Chapman (1994) suggested that thrips are negatively interacting, describing 
a deterring or disruptive effect if one thrips encounters another. This was particularly 
apparent at high densities, and this effect might be caused by the production of 
deterring pheromones. The consequences of this behaviour could increase the 
movement of thrips around the food sources in highly-populated flowers. The feeding 
behaviour observed in this study corresponds with findings of feeding by other thrips 
species (Kirk, 1997). If thrips feed in flowers on pollen in the anthers, there is no need 
for them to search for each new pollen grain so they can stay relatively still and feed 
rapidly. However, only one or two thrips can fit on an anther at a time and access to 
pollen may be reduced in crowded flowers. This may ultimately lead to thrips 
spending more time walking than feeding. 
Time and energy are the key resources an insect can allocate to different behaviours 
such as searching for and utilising suitable food sources and reproduction. However, 
these resources cannot be allocated simultaneously to all behaviours and 
consequently, the insects have to balance their activities between different 
174 
behaviours depending on the circumstances (Cuthill & Houston, 1997), such as time of 
the day or development stage within its life span. However, the experimental 
constraints in this study, such as the recording of thrips' behaviour in artificial 
conditions, could have had an influence on their behaviour. The Petri dish arena 
restricted the area to which thrips could move, for example to avoid other thrips, and 
the amount of flowers available as food source was very small compared to a 
complete inflorescence. 
Ovipositioning was not observed in this study, possibly because the recording was of 
too short a period to include the full range of activities or the conditions were 
unsuitable. Whittaker and Kirk (2004) found that the number of eggs laid by F. 
occidentaUs was significantly influenced by the photoperiod, with the greatest number 
of eggs being laid during the day, and that oviposition rates increased with increasing 
photoperiod. However, some thrips species usually lay their eggs at night (Kirk, 1985a; 
Dobson, 1994), while others lay their eggs at any time in a 24 h period. So far no 
studies have been conducted for T. obscuratus to determine, whether the times 
associated with certain activities, such as oviposition and feeding, are during the day 
or night. 
Previous studies (Keller et al., 2003; Pezet et al., 2003) showed that full bloom is the 
most susceptible stage for infection by B. cinerea. The open flower has morphological 
characteristics favourable for infection especially in the receptacle area (Holz et al., 
2003). The deep crevices and the necrotic tissue left behind when the anthers senesce 
in this area could enhance infection or act to protect B. cinerea conidia. The 
receptacle area is also the place where the nectaries are situated and where T. 
obscuratus was observed feeding in this study. At the same time, the possibility of 
thrips depositing conidia is quite high, because of their grooming behaviour between 
different feeding events. Kirk (1997) described in detailthe grooming behaviour of 
thrips and how it could possibly contribute to pollination. Thrips often rearrange the 
fringe hairs on their wings before and after activities, such as flying, feeding and 
walking, which tends to shed pollen grains from their bodies. The author also 
described that in many flowers the stigma is prominent and often visited by thrips. 
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They tend to use it for landing and take-off but also feed on it. Any grooming 
behaviour is therefor likely to shed pollen grains directly onto the stigma. The same 
mechanisms could be responsible for distributing and spreading spores of for example 
B. cinerea on grape flowers. In the current study, T. obscuratus fed on the stigma of 
the flowers more often than on pollen or nectar and the grooming between different 
feeding events could play an important role in enhancing the spread and infection 
process of B. cinerea on grape flowers. Nair & Hill (1992) concluded that the infection 
of grape stigmata early in the season is one of the most likely pathways to fruit 
infection and the potential influence of thrips on Botrytis rot in grapes has been shown 
in this study (Chapter 3). 
T. obscuratus feeding on grape flowers could also result in abortion of these flowers, 
as described by Childers & Achor (1995) and Childers (1997) for onion, citrus, cotton 
and apple, which may become trapped within the developing bunch. Active 
sporulation on the floral debris, which is trapped in the developing bunch, can 
contribute to Botrytis rot of the ripening fruit. In addition, any berry exudates from 
ripe or damaged berries can reactivate the saprophytic mycelium within the debris, 
providing sufficient inoculum to infect neighbouring berries (Elmer & Michailides, 
2004). T. obscuratus can therefore increase incidence and severity of Botrytis rot by 
indirect means, as well as by vectoring the conidia of B. cinerea. 
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CHAPTER 6 
Molecular identification of Thrips obscuratus using DNA barcoding 
6.1. Introduction 
Approximately 5000 thrips species (Thysanoptera: Thripidae) have been identified so 
far worldwide, with a few hundred of them being serious crop pests. In New Zealand, 
the endemic thrips species Thr;ps obscuratus is a recognized pest of stone fruit and 
has the potential to become a pest in grapevines as well, where it causes feeding 
damage and increasing incidence and severity of Botrytis rot (Chapter 3). T. 
obscuratus has successfully extended its host range to many introduced crops (Teulon 
ft Penman, 1990) and is already a quarantine pest on export produce, such as 
stonefruit, cut flowers and asparagus (McLaren et at., 1997). The chances that it could 
spread into export countries and to become established in those countries are high. 
Having a good molecular identification system in place beforehand, would greatly 
improve recognition and identification of this insect in the countries at risk. 
Identification of this pest currently depends on morphological keys, which are 
effective only for adults. Keys often require a high level of expertise, are very time 
consuming for the non-expert and often result in misidentifications. Some important 
identification features might even be removed or altered due to the collection, 
trapping or storage methods used. Better methods for identifying this minute insect 
rapidly and accurately would be useful in future studies to determine its impact on 
the grapevine industry and its widening host range, as well as its potential threat to 
other economically important crops in New Zealand and overseas. 
DNA barcoding offers a promising genomic identification system for overcoming the 
limitations of using morphological methods. It is based on the protein coding 
mitochondrial gene, cytochrome c oxidase subunit 1 (COl), whose relatively short DNA 
sequence (- 650 bp) has been used as a valuable way of identifying species of many 
taxa (Hebert et at., 2003a; Hebert et at., 2003b; Hebert et at., 2004; Hogg ft Hebert, 
180 
2004; Ball et al., 2005). DNA barcoding has numerous advantages. It is fast and 
accurate, there are no limitations in identifying different life stages and it has the 
potential to be used in developing a worldwide database for a rapid pest species 
identification (Hebert et al., 2003a; Armstrong & Ball, 2005). 
In this study, DNA barcoding was used to develop a molecular identification system for 
the New Zealand endemic insect Thrips obseuratus and to test the ability of COl 
barcodes to reliably identify T. obseuratus and distinguish it from other thrips species 
6.2. Materials and methods 
6.2.1. Collection of specimens 
Adults and larvae of three thrips species were obtained from laboratory cultures or by 
direct sampling of infested plants. Individuals of Frankliniella oeddentalis were 
collected from a laboratory rearing on Vieia [abo L. (broad beans) at the Horticulture 
Department of Hannover University, Germany. Thrips tabad was collected from a 
laboratory rearing on Allium porrum L. (leeks) at Crop & Food Research in Auckland, 
New Zealand. Thrips obseuratus was obtained from grapevine flowers in the Hawkes' 
Bay region in the North Island, and from the Motueka and Waipara districts in the 
South Island of New Zealand. All individuals were transferred from their host plants 
directly into 1. 5 ml microcentrifuge tubes filled with 95% ethanol and stored at 6 0 C. 
Only adults that could be positively identified morphologically (Mound & Walker, 1982; 
Mound & Kibby, 1998) were used for this study. Additional DNA sequences of F. 
oeddentalis and T. tabad as well as sequences of three other thrips species obtained 
from GenBank (Appendix 6.1.) were included in this study to provide taxonomic 
context. These specimens were collected around Europe and North America and their 
sequences were published by Brunner et al. (2002). After the sequence of adult T. 
obseuratus was established, larvae were also sequenced and identified as T. 
obseuratus, if their sequence was consistent with that of the adults. 
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6.2.2. Molecular protocols 
Total genomic DNA was extracted from single thrips using the CS~ (ChargeSwitch® 
Technology) Genomic DNA Purification Kit. Volumes of the different buffers, enzymes 
and beads were reduced to one third of the recommended volume to adapt to the 
smaller amount of tissue used. Due to their small size, whole adult thrips were used 
for DNA extraction. The individuals were crushed in the extraction buffer with a 
sterilized plastic pestle. The extractions were then stored at -20° C for subsequent 
PCR amplification. 
COl barcodes (- 650 bp) were generated via standard PCR reaction using the universal 
'Folmer primers' LC01490 (5'-GGTCMCAAATCATAAAGATATIGG-3') and HC02198 (5'-
TAAACTICAGGGTGACCAAAAAATCA-3') (Folmer et al., 1994). The PCR contained the 
following reaction ingredients: 1.5 ~l of extracted DNA, 0.2 IJl of each dNTP, 0.8 ~l of 
each primer, 0.3 ~l of Expand High Fidelity polymerase (Roche Diagnostic, Mannheim, 
Germany), 1.0 IJl of 10x polymerase buffer (Roche Diagnostic), 0.5 ~l MgCh solution, 
and deionized water to bring the total reaction volume to 10.0 1Jl. The cycling 
parameters were as follows: one cycle of denaturation at 94°C for 1 min, followed by 
five cycles of 94 ° C for 40 s, annealing at 45 ° C for 40 s and primer extension at 72 ° C 
for 1 min. This was followed by 35 cycles at 94°C for 40 s, annealing at 52°e for 40 s 
and primer extension at 72" C for 1 min and a final extension at 72 ° C for 5 min. The 
quantity of DNA was estimated using 1% agarose gel electrophoresis analysis on a gel 
stained with SYBR safe 1M DNA gel stain (Molecular Probes, Eugene, Oregon, USA). DNA 
samples were prepared for electrophoresis by adding 2 ~l purified DNA to O. 5 ~l 
loading buffer (0.25% bromophenol blue, 0.25% xylene cyanol FF, 30 glycerin in water; 
running buffer 0.5xTBE). Two micro litre of Low DNA Mass™ Ladder (Invitrogen, 
Carlsbad, California, USA) was run with the samples as a standard. The samples were 
separated by electrophoresis at 80 V for 25 min. PCR products were quantified using 
the Gene Wizard software (Syngene Bio Imaging Systems, Cambridge, UK). 
Prior to the direct sequencing, the PCR product was cycle-sequenced in both 
directions separately using 1 IJl of the respective primer, 0.5 IJl Big Dye v3.1 (Applied 
Biosystems, Warrington, Cheshire, UK) and 2 IJl of sequence buffer. The cycle-
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sequencing reaction had the following thermal regime: 1 cycle at 96°C for 1 min 
followed by 25 cycles of 96°C for 10 s, 50°C for 5 s, and 60°C for 4 min. 
Unincorporated dye was removed from products using the CLEANSEQ@ Dye-
Terminator Removal kit (Agencourt Bioscience Corporation, Beverly, MA, USA). DNA 
sequences were generated directly using an Applied Biosystems automated sequencer 
(ABI, 31 OO-Avant Genetic Analyzer). All DNA was sequenced in both directions to 
ensure accuracy of nucleotide assignments, and the sequences were aligned with the 
program SequencherlM 4.2 (Gene Codes Corporation, Ann Arbor, Michigan, USA). 
6.2.3. Data analysis 
Sequences from five thrips species, including additional sequences from F. 
occidentalis and T. tabaci, were retrieved from GenBank and added to the analyses to 
provide taxonomic context and to show that T. obscuratus could be distinguished from 
other thrips species. Since the GenBank sequences represented a different fragment 
of the COl and only approXimately 400 bp overlapped with those of this study, all 
sequences were pruned to 412 bp to be able to align the new sequences and those 
from GenBank. To investigate within- and among species COl polymorphisms, a 
neighbour-joining tree based on Kimura-2-parameter (K2P) genetic distance (Nei & 
Kumar, 2000) was generated using the MEGA 2.1 software (Kumar et aI., 2001); 
http://www.megasoftware.net). A bootstrap analysis of the neighbour-joining tree 
was performed, using 1000 bootstrap replicates. 
6.3. Results 
A total of 28 sequences of individual thrips representing six named species were 
compared. Fourteen sequences were generated in this study and 14 sequences were 
obtained from Genbank. Each species possessed a unique array of COl sequences. All 
individuals of a species formed monophyletic groups and in no case did an individual of 
one species group with another species (Figure 6.1.). Bootstrap support for individual 
species groups was 100%. 
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Mean intraspecific sequence divergence across all species was 1.1% (Table 6.1.). For 
all species except T. obscuratus and T. tabad, mean intraspecific sequence 
divergences were small, ranging from 0.2 to 0.5 % with a mean of 0.4 % (Table 6.1.). 
The two remaining species, T. obscuratus and T. tabad, showed substantially greater 
mean intraspecific sequence divergence of 2.5% and 2.4% respectively. In this study, 
the T. tabad formed two distinct clades (Figure 6.1.). The two clades represent 
individual sequences obtained from Genbank and sequences of individuals of a rearing 
in New Zealand. The intraspecific sequence divergence between these two clades is 
3.8%. Similarly, within-species variation of T. obscuratus was large due to a single 
sequence that diverged from the rest of the sequences by 6.6 %. Mean interspecific 
sequence divergence across all taxa (22.4 %) was an order of magnitude larger (Table 
6.2.) than mean intraspecific divergences (1.1%). Pair-wise comparisons of sequence 
divergence were greatest between F. ocddentalis and T. tabad (26.9 %) and lowest 
between E. americanus and T. palmi (19.0 %) and the mean interspecific sequence 
divergence across all congeneric Thrips spp. was 22 %. 
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Frankliniella occidentalis(Han DE1) 
t- Frankliniella occidentalis(AF378688.1) 
I- Frankliniella occidentalis(Han DE3) 
Frankliniella occidentalis(Han DE4) 
Frankliniella occidentalis(Han DE2) 
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Frankliniella occidentalis(Han DES) 
100 Frankliniella occidentalis(AF378686.1) 
r-------------------------------------~ 
26 
Frankliniella occidentalis(AF37868S.1) 
Frankliniella occidentalis(AF378687. 1) 
Thrips angusticeps(AF378679.1) 
~--------------------------------~ 
'--
31 
-
43 
100 Thrips angusticeps(AF378680.1) 
100 1 Echinothrips americanus(AF378677.1) 
r---------------------------~ 
Echinothrips americanus(AF378678.1) 
1 Thrips palmi(AF378689.1) L-________________________ ~
0.02 
100 Thrips palmi(AF378690.2) 
100 
75 Thrips tabaci(Auk NZ1) 
,..-_1_0-10 Thrips tabaci(Auk NZ3) 
I Thrips tabaci(Auk NZ2) 
~ Thrips tabaci(AF378692.1) 
. -82 L Thrips tabaci(AF378693. 1) 
r------ Thrips obscuratus(HB NI NZ1) 
r- Thrips obscuratus(CH SI NZ2) 
100 
~--------{ Thrips obscuratus(CH SI NZ1) 
100 
42 Thrips obscuratus(CH SI NZ3) 
6411 Thrips obscuratus(ND SI NZ1) 
60 L Thrips obscuratus(ND SI NZ2) 
Figure 6.1.: Neighbour-joining tree showing sequence divergences based on the 'Folmer' COl 
sequences among six thrips species. Numbers on branches are bootstrap values obtained with 
Kimura-2-parameter distance analysis. Bootstrap support for nodes is based on 1000 bootstrap 
replications. The scale bar indicates branch length. Samples with a six number code are 
samples from GenBank. 
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Table 6.1.: Summary of intraspecific Kimura-2-parameter distances for Thysanoptera species, 
for which at least two individuals were available. N is the number of individuals per species. 
The range represents the lowest and the highest distance within the species, for which more 
than two individuals were available. 
Species N Mean ±SE Range 
Frankliniella occidentalis 9 0.3 ± 0.1 0.0 -0.7 
Echinothrips americanus 2 0.5 ± 0.3 -
Thrips angusticeps 2 0.5 ± 0.3 -
Thrips obscuratus 6 2.5 ± 0.5 0.2 -6.9 
Thrips palmi 2 0.2 ± 0.2 -
Thrips tabaci 5 2.4 ± 0.6 0.0 - 4.1 
Overall mean 26 1.1 ± 0.3 -
Table 6.2.: Mean interspecific sequence divergence for pair-wise comparison of thrips species 
Species F.o. E.a. T.a. T.o. T.p. T.t. 
F. occidentalis -
E. americanus 0.Z3Z -
T. angusticeps 0.Z40 0.Z18 -
T. obscuratus 0.ZZ1 0.Z31 0.ZZ5 -
T. palmi 0.ZZ4 0.190 0.Z15 0.Z10 -
T. tabaci 0.Z69 0.Z16 0.Z43 0.Z06 O.ZZO -
6.4. Discussion 
The results indicated that the 'Folmer' fragment of COl shows large potential to 
provide an accurate species identification tool for thrips. For the Z6 specimens, the 
COl species profile was 100% successful in distinuishing thrips species. In all cases, 
conspecific sequences grouped together and in no case did a sequence group with 
anotner species. These results are consistent with findings of other DNA barcoding 
studies of insect species and other taxa (Hebert et al., Z003a; Hebert et al., Z003b; 
Hebert et al., Z004; Hogg & Hebert, Z004; Ball et al., ZOOS; Ball & Armstrong, Z006; 
Hajibabaei et al., Z006). Accurate diagnosis using DNA barcoding depends on small 
intraspecific divergences but large interspecific divergences (Moritz & Cicero, 2004). 
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Consistent in these studies, mean interspecific divergences were at least an order of 
magnitude greater than mean intraspecific divergences. 
The mean intraspecific divergence for the thrips species in this study was higher than 
in other DNA barcoding studies (Ball & Armstrong, 2006; Smith et al., 2006) but similar 
to studies of mayflies (Ball et al., 2005) and collembolan (Hogg & Hebert, 2004). In 
the latter studies as well as in this, the higher mean divergence was due to the higher 
intraspecific divergences of a few species. The two clades detected in T. tabaci 
represent sequences from Genbank and from individuals obtained from a rearing in 
New Zealand. The high intraspecific sequence divergence between these two clades 
could be due to reproductive isolation between the individuals reared in New Zealand 
and the individuals collected from around Europe and North America. Within-species 
variation of T. obscuratus was also large due to a single sequence, which showed large 
divergence from the other sequences of this species. These two clades corresponded 
to North (Hawkes Bay) and South Island (Canterbury) populations in New Zealand. 
Thrips are weak fliers and to move between the North and South Island of New 
Zealand, this minute insect would have to cross the Cook Strait, which is 
approximately a 20 km wide stretch of water with often severe weather conditions. 
The prevailing wind direction on the North and the South Island is a westerly wind 
(http://www.niwascience.co.nz. 2006). These conditions could be enough to enforce 
some reproductive isolation of this insect. 
Hebert et al. (2003a) suggested a 3% threshold of interspecific divergence for species 
diagnosis. Therefore, the intraspecific divergence of 6.6% between the one individual 
of T. obscuratus and the rest of the group could indicate a different species. However, 
this value is only a guideline and can be different depending on species and taxa 
(Hebert et al., 2003b). In this study, the very large interspecific divergences even 
between congeneric species and the fact that the divergent individual still grouped 
with other members of its nominated species, suggested that it may not be a different 
species. More DNA sequencing of individuals from the two islands and inclusion of a 
larger diversity of different taxa will help to better evaluate the intra- and 
interspecific divergences in thrips. 
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In contrast with T. tabad and T. obscuratus, F. ocddentalis showed very little COl 
diversity, even though the sequences were obtained from different populations in 
Europe and North America. One explanation could be that F. ocddentalis is one of the 
. most wide spread pest thrips species world wide and import and export of infested 
plant material on a world wide scale allows a constant movement of COl haplotypes 
between continents, resulting in a low genetic diversity in this species. 
In this study the 'Folmer' fragment of COl discriminated between different thrips 
species. However, these results are based on a small number of species. The 
generality of this pattern needs to be determined by assessing both more species and 
more populations, including widespread pest species as well as those limited in their 
distribution. 
DNA barcoding has been successfully used in identifying and discriminating species but 
it has its limits for deeper phylogenetic purposes (Brunner et al., 2002; Moritz & 
Cicero, 2004). COl is a mitochondrial gene and thus maternally inherited in most 
animals. Therefore, it cannot detect recent hybridization events and thus, nuclear 
genes need to be investigated (Hebert et al., 2003a). However, this is more a concern 
in plant species, in which hybridization occurs more frequently compared with animal 
species (Ball & Armstrong, 2006). In evolutionary terms, very young species pairs are 
also unlikely to be recognized by the COl identification, but other studies suggest that 
very small interspecific divergences are relatively infrequent in animal taxa (Hebert et 
al., 2003a; Hebert et al., 2003b; Hebert et al., 2004; Hogg & Hebert, 2004; Ball et al., 
2005; Hajibabaei et al., 2006). 
DNA barcoding using COl provides a very promising tool for thrips identification. It can 
provide rapid and reliable species identification for adults and all other life stages. 
These life stages afe often difficult or even impossible to identify and the use of DNA 
barcoding to identify these life stages based on reference sequences obtained from 
identified adults, will be a very valuable species identification tool (Armstrong & Ball, 
2005). In this case, there is now a reliable way to distinguish a New Zealand endemic 
thrips species from exotic thrips species. 
188 
In summary, DNA barcoding will not replace traditional morphological species 
identification, but the combined use of these identification methods can provide a 
powerful tool for identifying native and exotic species across a variety of taxa. The 
approach of identifying and delineating species from multiple and complementary 
perspectives has been described as 'integrative taxonomy' (Dayrat, 2005). It strongly 
emphasizes the necessity of cooperation between different disciplines in taxonomy, 
such as phylogeography, population and behavioural biology, molecular ecology, etc., 
which all help to delimit species boundaries and, depending on the results of 
particular cases, one system or the other may be favoured or more than one can be 
used simultaneously. 
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CHAPTER 7 
Concluding discussion: 
Mutualistic interactions between Thrips obscuratus and Botrytis 
cinerea 
7.1. Thrips biology 
7.1.1. Seasonal itv and infestation levels 
T. obscuratus has successfully colonised numerous plant species introduced into New 
Zealand (Teulon & Penman, 1990), on which adults and larvae may feed on young 
leaves, pollen, nectar and some ripe fruits. In this study, T. obscuratus has been 
confirmed as the main thrips species inhabiting grapevine flowers. There were higher 
numbers of thrips in the Nelson region, where the weather was warmer and more 
humid than in Canterbury, where the cooler and drier weather seemed to be less 
favourable for this insect, a result that concurs with the threshold temperatures and 
humidities established by Teulon and Penman (1991). However, differences in 
numbers of T. obscuratus between the two regions might also be a consequence of the 
proximity and diversity of overwintering hosts, and because of differences in vineyard 
management practices. 
The absence of T. obscuratus adults in grape bunches during berry ripening indicates 
that they were not suitable as a food source. The flight activity of T. obscuratus 
observed in vineyards therefore seemed to reflect the seasonality of food resource 
utilized. In contrast, while adults and larvae of T. obscuratus were also found in 
stonefruit during flowering, much larger numbers were present when the fruit ripened 
(Teulon & Penman, 1994; 1996). This indicates that patterns found in one crop do not 
necessarily apply to another and flight activity and infestation levels of T. obscuratus 
need to be investigated for each individual crop and possibly also at a regional level. 
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7.1.2. Thrips life cycle 
The large number of adults found at flowering in the vineyards, was not 
representative of their reproduction activity. Eggs were commonly found in the pedicels 
of flowers but unexpectedly only small numbers of larvae and no emerging adults were 
found. This ratio of adults to larvae was the opposite of that found in stonefruit, 
where Teulon and Penman (1994) reported approximately 10 times as many larvae on 
nectarine and peach flowers than they did adults. In contrast, the number of larvae 
caught in green water traps directly underneath the grapevine canopy in this study 
was approximately one tenth that of the adults caught. 
Flower-dependent life stages of thrips are quite vulnerable, because the flowers may 
die, undergo abscission, or cease to be suitable before the stage is completed. In such 
cases, the only alternative for the insect is to move from senescent flowers to fresh 
ones (Kirk, 1985). This strategy seems appropriate for grape inflorescences which 
comprise several to a few hundred individual flowers, depending on variety (Hellman, 
2003), which may mature over a period of time. Since the flowers on each particular 
cultivar and at a particular locality come into bloom at slightly different times, this 
results into a total flowering time of two to three weeks (Jackson, 2000), and may be 
longer in inclement weather. This determines the pattern by which thrips move and 
forage between individual flowers in one grape inflorescence in the short term, to 
inflorescences of other grape varieties in the medium term and to new regions or host 
species in the long term. 
7.1.3. Movement of T. obscuratus within the vineyard 
Information about short-range movement of T. obscuratus in vineyards was provided 
by using rubidium to mark and measure the dispersal of this insect. The results 
outlined in Chapter 2, Section 3 showed that in 24 h T. obscuratus apparently did not 
disperse very far, if at all, between inter-row plantings on which they resided and the 
adjacent flowering grapevines. Observations in another field trial (Chapter 3, Section 
2) confirmed the tendency of T. obscuratus to remain on flowers, which provided the 
necessary food sources, such as nectar and pollen, until the flowers senesced and 
became unsuitable. 
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Thrips can have a very strong local preference for one plant species even though other 
suitable host plants are close by, e.g. field margin or inter-row plantings. It seems 
that individuals are not likely to move onto surrounding suitable hosts when an 
abundance of their current host is available (Mound, 2004). However, there is little 
data available to show what proportions of a thrips population live on plants other 
than their main host, at any time. The mark-recapture experiment in this study was a 
first attempt to explore this often neglected area and further research using this 
method could provide more information on the extent of movement of thrips in and 
out of crops. 
Future research into T. obscuratus biology within vineyards should include more 
diverse regions of New Zealand, especially in the north, where mean temperatures 
and relative humidities are higher and consequently more suitable for the complete 
lifecycle of T. obscuratus to be fulfilled. Such work could further examine the 
dispersal of T. obscuratus within vineyards, including the influences of inter-row 
plantings and neighbouring crops or shelter belts on the distribution of this insect in 
vineyards. It would also be very valuable to develop mark-recapture studies, exploring 
the immigration and emigration patterns of T. obscuratus in a wider area. The quick 
build-up of T. obscuratus populations in stonefruit orchards and vineyards indicates 
that this insect is more an invader of crop habitats than an inhabitant. Improving the 
understanding of this phenomenon and investigating the influence of the surrounding 
landscape on numbers of T. obscuratus in the vineyard might provide information to 
develop control strategies for an integrated pest management programme in 
vineyards. 
7.2. Possible interactions between T. obscuratus and B. cinerea 
This study confirmed the ability of T. obscuratus to transfer conidia of B. cinerea to 
uninfected plants, resulting in higher incidences of B. cinerea throughout the season, 
and especially at harvest, compared with treatments without presence of the thrips. 
In the tunnel experiment, a considerable number of B. cinerea conidia were 
transported by T. obscuratus to healthy inflorescences, sufficient to contribute to an 
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overall higher disease pressure than without the insect vector. However, a consistent 
significant effect of thrips on overall incidence and severity of B. cinerea infection 
could not be demonstrated. Nevertheless, there were some indications that the 
presence of thrips increased disease levels and reduced overall yield. 
The ability of T. obscuratus to transfer conidia and deposit them in the grape 
inflorescence increased the amount of B. cinerea detected on bunches. Even though 
this increase was not significant in some cases, a trend was detectable especially in 
the more susceptible Riesling cultivar. Within a vineyard, T. obscuratus would be able 
to acquire a conidia load from different inoculum sources. Some studies have 
identified overwintering crop residues as very important sources of inoculum of B. 
cinerea at flowering (Nair et al., 1995; Seyb, 2004). Infected rachides and mummified 
berries in the canopy may be areas from which thrips could pick up conidia and 
transfer them to the new inflorescences. However, it is probably more likely that 
these crop residues are sources of air-born conidia, which can infect the new 
inflorescences directly. 
T. obscuratus moves within and between these new inflorescences, where they may 
acquire conidia from the senescing infected flowers and deposit them in young 
uninfected flowers. The amount of inoculum present in the vineyard and therefore the 
number of conidia picked up and transferred by thrips will depend on the region, the 
season and to a certain extent on vineyard management practices (Jacometti et al., 
2007). Since T. obscuratus is likely to be only one factor besides weather, inoculum 
source, berry resistance etc. influencing the highly complex process of Botrytis disease 
development in grapevines, it is necessary to determine the extent to which the 
presence of this minute insect contributes to the overall bunch rot of grapevines. Such 
an estimate would help to identify the insect's possible threat to grapevine production 
and to establish whether control measurements are necessary. 
Self-pollination appears to be the main mechanisms of fertilization in grapevines, and 
in areas where grapes are the dominant agricultural crop, pollen levels in the air are 
generally low during flowering (Jackson, 2000). Thrips have been reported to consume 
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pollen at feeding rates ranging from 29 to 843 pollen grains per thrips per day, 
depending on the size of the pollen (Kirk, 1987). Multiplying this by the large numbers 
of thrips found in vineyards at flowering indicates that the consumption of pollen 
could greatly reduce the availability of viable pollen for fertilization, consequently 
reducing the size of the berry or causing small, green underdeveloped berries to drop 
around fruit set. 
7.3. Scarring damage caused by T. obscuratus and its physiological impact on 
berries 
The percentage of scars detected on berries tended to be higher if T. obscuratus was 
present, a result which was less apparent in the greenhouse than in the field, 
especially if the number of thrips on the grape flowers was not restricted (Chapter 4). 
Marroni (2003) reported that the percentage of scars on the grape berries was directly 
associated with the number of thrips present during flowering. In another study with 
F. occidentalis on petunia (van de Wetering et al., 1998), the production of scars was 
also associated with the sex ratio, with the larger females consuming more food than 
the smaller males and therefore contributing to higher levels of scar production. In 
stonefruit, T. obscuratus females appeared to be the dominant sex found on the 
flowers in spring and similar observations were made in grapevines (data not 
reported). However, the larvae/adults ratio may also playa role in berry scarring. 
Teulon and Penman (1994) attributed most of the visible damage on nectarines and 
peaches to feeding activities of the larvae, whereas in this study, adults were more 
abundant than larvae and therefore proposed as the primary cause of damage on 
berries. 
It is widely accepted that external influences, such as insect and pathogen attack can 
induce defence responses in plants (Keller et al., 2003; Bezemer et al:, 2004). The 
increase in total phenolics in the berry skin after being exposed to either T. 
obscuratus or B. cinerea conidia supports this idea of defence response. The additive 
effect observed when T. obscuratus and B. cinerea conidia were present might be due 
to an 'overload' of the defence system, which could cause a conflict between the 
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herbivore-induced and pathogen-induced defence pathways. There are indications 
that defence pathways induced by insect damage can inhibit those that respond to 
pathogens (Stout et al., 1998; Felton et al., 1999; Thaler et al., 1999), and the overall 
result might be that attack by insects can increase the susceptibility of plants to 
pathogenic infection. Further studies into the types of phenolic compounds produced 
by berries which were exposed to T. obscuratus and/or B. cinerea might indicate 
whether this situation occurs in grape berries. 
7.4. Video analysis of thrips behaviour in relation to the insect-disease interaction 
In this study, the video recording contributed to a better understanding of the 
mechanisms of B. cinerea and T. obscuratus interactions on grape flowers. It provided 
information on the time T. obscuratus spent on different floral feeding sites and the 
time spent on different behaviours, such as walking, feeding and grooming. The 
distinct grooming behaviour between different feeding events and between walking 
events could play an important role in enhancing the spread and infection process of 
B. cinerea on grape flowers. 
Grape inflorescences are highly susceptible to infection by B. cinerea and the amount 
of flower infection has been correlated with bunch rot at harvest (Nair et al., 1995; 
Viret et al., 2004). However, the exact mechanisms involved in the infection pathway, 
which could lead to yield loss, are still debated. Keller et al. (2003) detected latent 
infection mostly in the receptacle area of the berry, whereas Holz et al. (1997; 2003) 
also identified the pedicel as a place where latent infection commonly occurred. In 
addition, Nair & Hill (1992) also proposed the stigma as a site for B. cinerea latency in 
the flower. These are the same areas at which T. obscuratus was observed in this 
study to feed and groom (Chapter 5) and oviposite (Chapter 2; Section 2), a behaviour 
which could enhance the likelihood of B. cinerea entering the host tissue and causing 
infection. T. obscuratus therefore seems to facilitate the infection process of B. 
cinerea in three ways: entry points through its feeding activity, spread of conidia and 
their deposition close to those entry points. 
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7.5. Summary of the likely interactions 
This study has investigated different possible interactions between T. obscuratus and 
B. cinerea on grapevines. The stages of grape berry development and B. cinerea 
infection throughout the season, effected by the presence and activities of T. 
obscuratus in spring are shown in Figure 7.1 . The resulting possible damages during 
the season are summarised in Figure 7.2. This research has demonstrated an 
interaction between B. cinerea presence and T. obscuratus activities in spring that 
can influence yield and levels of B. cinerea disease at flowering and harvest. 
Winter dormancy Flower ifllfection 
LatenfCY 
Thrips obscu,.tus 
feeding on plant 
material Within the 
grape inflorescence 
(pollen, nectar and 
other tissues) 
c:=:::J ;=:~:t stages 
~ Botrytis cinerea 
infection stages 
O Stages effected by thrips presence at spring 
Figure 7.1.: T. obscuratus effects in perspective to grape berry development and B. cinerea 
infection stages. 
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Growth stage Possible damage 
• Reduced pollination 
• Entry points through Full bloom feeding damage 
• Conidium transfer 
1 
• Flower infection 
• Reduced fruit set 
Fruit set 
1 
• Berry abortion 
Pea-size 
1 
• Smaller and 
underdeveloped berries 
Berry touch 
1 
• First signs of scarring 
Veraison 
1 
• Scarring visible 
• B. cinerea infection 
visible 
Harvest 
Figure 7.2.: T. obscuratus and B. cinerea damage at different berry development stages. 
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7.6. Accurate identification of T. obscuratus 
The ability to identify species is a prerequisite for most biological sciences and is 
critical in pest management and quarantine regulations. For many trained 
taxonomists, the identification of a specimen using morphological keys may require 
only a brief check of critical characters, but a non-expert often finds the keys 
complicated, time-consuming, and if not used properly, may result in 
misidentification. For fast and reliable identification of pests, such as for rapid 
quarantine diagnosis, keys can provide unsatisfactory results, indicating the need for 
additional identification methods. Moreover, for identification of larval stages or eggs, 
molecular identification methods are often necessary. In this study, DNA barcoding 
provided a very promising tool for thrips identification, because of its reliability and 
success in species identification for all life stages. In combination with the 
morphological keys, it will help to improve the identification of thrips species in non-
taxonomic research and for quarantine puposes. 
7.7. Future prospects 
The New Zealand wine industry is expanding rapidly and sales are still predicted to 
rise in the future (www.nzwine.com.2006;Gregan.2005).Being able to produce high 
quality wine in the competitive wine market locally and internationally will not only 
depend on good marketing strategies, but also on improved quality and sustainable 
production methods. The influence of T. obscuratus on the production and quality of 
wine grapes still needs extensive research but awareness by growers of its presence 
and potential negative impacts on grape production is increasing. During this study, 
several grape growers contacted the author to discuss different damage symptoms 
they associated with the presence of thrips. Organic growers reported anecdotes of 
yield decreases due to the feeding activities of T. obscuratus, resulting in fewer or 
underdeveloped berries per bunch. The most obvious of the reported damages was 
connected with the severe scarring of berries. One grower in Canterbury reported that 
in Pinot Noir blocks he routinely applies one insecticide spray at flowering against the 
thrips, because he believes that the severe scarring has resulted in poor colour 
development in the wine (Brent Rawstron, pers. comm. 2006). 
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The epidemiology of Botrytis disease is highly complex. In New Zealand vineyards, its 
interaction with T. obscuratus is only one of the multiple factors that need to be 
considered in the development of a sustainable management programme. The results 
of this study have indicated that T. obscuratus has a negative effect on grapevine 
productivity, through its interaction with B. cinerea and through its physical effects on 
berry number, size and wine-making quality. It has provided a useful base from which 
further research programmes may be developed. 
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